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5 CROSS^FERENCE TO REUTED APPLICATIONS 

[0001] This application claims benefit of priority from United States pravlslonal patent 
application serial no. 60/363.341, filed March 7. 2002; Unfed Slates provisional patent 
application serial no. 60/363.053, filed March 7, 2002; United States provisional patent 
applica«on serial no. 60/363.054. filed March 7. 2002; and United States provisional patent 
application serial no. 60/416.983. filed October 7. 2002. the disclosures of which are 
incorporated herein by reference in their entireties. 

FIELD OF THE INVENTION 

I0002J This Invention relates to oligonucleotide^irected repair or alteration of genetic 
•nfbmiation and methods, compositions, and kits for enhan«ng tiie efficiency of such 
alteration. 

15 BACKGROUND OF THE INVENTION 

lOm A number of different types of oligonucleotides (and reasonably short 

polynucleotides) have been descr«)edfor use in the targetedsequencealtera^^ 
including (I) Internally duplexed chimeric RNA-DNA oligonucleotides tiiat fold into a double- 
stranded, double hairpin confbmiation, (ii) bifunctional oligonucleotides ttiat include a 

^ WPte'^^^tomalnteflieredtoarepairdomain.andOiOchemlcallymodified.single-^^^^^^ 
ohgonucteotides that have an infernally unduplexed DNA correction domain and lack boff, 
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hairpins and triplexing domains. Various of these oligonucleotides have been shown to 
effect targeted alteration of single base pairs as well as to introduce frameshift alterations in 
cells and cell-free extracts from a variety of host organisms, including bacteria, fungi, plants, 
and animals. 

5 [0004] The influence of factors such as growth phase, developmental state, cell cycle 
position, and the contribution of particular cellular proteins to the efficiency of 
oligonucleotide-mediated nucleic acid sequence alteration, in either cells or cell-free 
extracts, is not well understood. Although several cellular pathways and gene groups are 
known to be involved in mediating in vivo repair of DNA lesions resulting from radiation or 

10 chemical mutagenesis (including the RAD52 epistasis group of proteins, the mismatch 
repair group of proteins, and the nucleotide excision repair group of proteins), and although 
the role of these proteins in homologous recombination and maintaining genome integrity 
has been extensively studied (reviewed, for example, in Heyer, Experientia 50(3), 223-233 
(1994); Thacker, Trends in Genetics 15(5), 166-168 (1999); Paques & Haber, Microbiol, and 

15 Mo/ec. BioL Rev, 63(2), 349-404 (1999); and Thompson & Schild, Mutation Res. 477, 131- 
153 (2001)), the specific function of these and related proteins in oligonucleotide-directed 
nucleic acid sequence alteration is not well understood. 

[0005] Inhibitors of histone deacetylase (HDAC) induce cultured tumor cells to undergo 
growth arrest, differentiation, and/or apoptosis. Marks et al., J. Natl. Cane. Inst. 92(15), 

20 1210-1216 (2000). For example, treatment with trichostatin A (TSA), an antibiotic from 
Streptomyces, results in inhibition of enzymatic activity of partially purified HDAC and 
accumulation of acetylated histones in various cell types, and can cause induction of Friend 
cell differentiation and specific inhibition of the cell cycle of normal rat fibroblasts in the G1 
and G2 phases at very low concentrations. Yoshida et al., J. BioL Chem. 265, 17174-17179 

25 (1990). 

[0006] HDAC inhibitors have also been suggested to affect gene therapy agents. WO 
00/23567 discloses methods of promoting stem cell self-renewal that include exposure of a 
population of stem cells, particularly hematopoietic stem cells, to an effective dose of an 
HDAC inhibitor, particularly trichostatin A, trapoxin, or chlamydocin. In one embodiment, at 
30 least one transgene, either homologous or heterologous to the origin of the recipient DNA, 
is Introduced using retroviral mediated transfer into cells treated with an HDAC inhibitor. In 
another embodiment, stem cells are genetically modified using a polynucleotide and 
treatment with an HDAC inhibitor. 
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homologous recombination process. 

flOOfl WO<)(«49,7.«*.«™„d«c*„„,c.WarDNAi„verte6.,ece^by 

let ' °™ '"^ ""^ ^'^^ <'™' '^'"^ " 

mhibilore, sudi as saSm liulyrate and Iridioslatn A, 

I00<0] Rec«bina««, 6y baotadophage lambda In £ bacWa durtng lambda's lytic 
cycle IS mediated bv Hie SMii]l«iCp<rf»~, I.- .. » ""i»»5iyiic 

'=°°y"»«'Wl^iTOmbirialioiipalhwaywbicticompn8eslw, 
9«es l^encodesanex«udea»MMI*,^toll»b™i»„endscfdo^^^ 

^ '^"-;^«A-.ds,,adeso.o,,has^^..a....™*„,tea.^,,sl„g,e. 
^an^edove^ang. ^* encodes a. J 

oo*na.o„wft»,ebacte*.RecAp™wn,n,elSd.ptexDNAa„s,eo»U»» 
se,ue|«complementa,ybtee>,x«ed3'endandp™Messt™dh«si=nand 

.s tac^Maled by Ibe lanWa pm* called W which Inhlblls Ihe bacMal RscBcD 
exonuclease, an enzyme Ibal degrades duplex DNAwB, exposed ends. 

"rl«l»hon*^„s«on«onl„£co«o(li„e.do„btes^ndedDNAofn». 
^^bdaphagedgh. K.C.^»,„hy,Ueo,bacte*phageA^com«on«cnsto 
2°';7~'^£^«-*/J.Bactenol,,80(8):2063-2071(^ 

«*. Pnc. Nan. Acad. Sa. USA, 97(,1);5978^ (2mO); His et ai., "High efficiency 
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mutagenesiSi repair, and engineering of chromosomal DNA using single-stranded 
oligonucleotides; Prx. Natl. Acad. Sci. USA, 98(12):6742-6746 (2001). 

[0012] WO 02/14495 discloses methods for cloning DNA molecules and altering 
eukaryotic genes in cells having DNA encoding beta protein under the control of a 

5 derepressible promoter. The induced beta protein promotes homologous recombination 
between nucleic acids in the cell, which nucleic acids may be intrachromosomal or 
extrachromosomal. This publication also discloses methods for inducing homologous 
recombination using single-stranded DNA molecules by introducing into a cell DNA capable 
of undergoing homologous recombination and beta protein. The application further 

1 0 discloses bacterial cells that promote efficient homologous recombination, which bacteria 
contain one or more genes from a defective lambda prophage. However, the this 
publication states that at least one of the experiments used to describe the Invention did not 
wori(. 

[0013] Collectively, the references and international patent publication demonstrate that 
15 lambda Red gene products, and in particular beta protein, can be used in bacteria to 
efficiently alter DNA sequences by homologous recombination using double-stranded and 
single-stranded oligonucleotides. However, the references neither demonstrate nor suggest 
that DNA can be altered efficiently using single- or double-stranded oligonucleotides by 
mechanisms other than homologous recombination, and do not suggest that lambda phage 
20 proteins can be used to increase the efficiency of nucleic acid sequence alteration in non- 
bacterial cells by any mechanism. 

[0014] Hydroxyurea (HU) is known to inhibit the M2 subunit of ribonucleotide reductase, 
depleting dNTP pools and impairing DNA replication, Zhou et al., Cancer Res. 55:1328- 
1333 (1995), which causes cells to anBst at the G1/S border of the cell cycle. HU*s ability to 

25 inhibit DNA replication has lead to its use as an antiretroviral and as an antineoplastic 
agent. Hanft et al., Blood 95:3589-3593 (2000); Arbiser et al.. Endocrinology 128:972-978 
(1991); Tamura et al.. J. Investig. Med. 45:160-167 (1997); Lisziewicz, U.S. Pat. No. 
6,130.089. HU's ability to arrest the cell cycle at the G1/S checkpoint has been exploited to 
synchronize cultures of cells prior to genetic manipulations. Hadlaczky et al., WO 97/40183. 

30 HU has been shown to stimulate the expression of fetal hemoglobin and has been used to 
treat sickle cell disease. Steinberg & Rodgers, Medicine (Baltimore) 80:328-344 (2001). 
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cells, such as yeast and mammalian cells, and partcularly human cells. 
SUMMARY OF THE INVENTION 
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lambda beta protein additionally to said combination or first contacting the cells having said 
cellular repair proteins with an IHDAC inhibitor or hydroxyurea. 

[0021] The target nucleic acid and sequence-altering oligonucleotide may be combined ex 
vivo or in vivo. 

5 [0022] In some ex vivo embodiments, one or more of the cellular repair proteins is a 
purified protein, wherein purified intends that the protein is at a higher concentration relative 
to nonrepair proteins than is found naturally in the cell from which it is drawn. Such purified 
cellular repair proteins may be separately purified, or purified collectively. In other ex vivo 
embodiments, the cellular repair proteins are present In a cell-free protein extract. 

10 [0023] In other embodiments, the cellular repair proteins are present within an intact cell, 
either cultured ex wVo or within a living organism. 

[0024] The cellular repair proteins may be from a prokaryotic or eul<aryotic cell, including 
E. coli cell, yeast cell, such as Saccharomyces cerevisiae, Ustilago maydis, or Candida 
albicans, a plant cell, or an animal cell, such as a mammalian cell, including mouse, 
15 hamster, rat, and monkey cell, and further including human cells. The human cell may be 
selected, for example, from the group consisting of liver cell, lung cell, colon cell, cervical 
cell, kidney cell, epithelial cell, cancer cell, stem cell, hematopoietic stem cell, hematopoietic 
committed progenitor cell, and embryonic stem cell, but Is not so limited. 

[0025] In one series of embodiments, the sequence altering oligonucleotide is a 
20 chemically modified, nonhairpin, internally unduplexed oligonucleotide. 

[0026] The oligonucleotide may, for example, be fully complementary in sequence to the 
sequence of a first strand of the nucleic acid target, but for one or more mismatches as 
between the sequences of the oligonucleotide and its complement on the target nucleic acid 
first strand, and possess at least one temiinal modification. In particularly useful 
25 embodiments, the oligonucleotide has an internally unduplexed domain of at least 8 
contiguous deoxyribonucleotides, and the one or more mismatches are positioned 
exclusively in the oligonucleotide DNA domain and at least 8 nucleotides from the 
oligonucleotide's 5' and 3' tennini. 

[0027] Usefully, the temninal modification is selected from the group consisting of at least 
30 one terminal locked nucleic acid (LNA), at least one tenninal 2'-0-Me base analog, and at 
least one, two, three or more temfiinal phosphorothioate linkages, and the oligonucleotide is 
17-121 nucleotides in length, often no more than 74 nucleotides in length. 
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ohron»«itie. lnoS»r embodiments, teoNAtoBet Is episomal. 

5 «»«»non*a,scdbeds.e„do,ado„t^^^p^ l„o«»r.Jt^ 
nudeic add Is Iheirafisaibed strand. """.wiaigel 

M in a seoond aspect h Invention compodtas fc, ol%„,n„*o,de. 
mediated (argeled nucleic add sequence aHerallon. 

I»31] TtecomposltkmcompHsease<,uencea«edngollgonudeotk.e,*ict,feca^ 
'0 "*«"»*«<in.ep,««^„,<^,^^^^^^^^^^^;^«'^. 

eitzrr'°'""*""'°'''^'^^-*«-^«^n.-- 

an HDAC inhibitor or Mirayurea. or (i) Imlxia l»ta protein. 

PM^ ^'"•»-»**o»^tai,fte^,u,ar™p*p^,elnsof^con,poaiSon 

« 7'»^"««.P-entin,ce^*ee^«„e*ac,,.^t*.an„ac,«.er 
allspresentlncultWBorwilhinanlnlaclanimal. «»««.ei»ier 

lOOMJ in ottier embodiments, the compositton may addltionaly, or m lb. altematl« 
compnsetdoboslatlnA,ceMar,epal,pn,lel„s,o,h,d,oxyum,. 
IM341 Inanolberaspectthelnvenlionproyidesaldl. 
20 msi ^»">ayo™p,(seano.»de,padicularlyase,ue^*„„g 

«^udeobde,a^o„eormomofb**osta*A,la„tdabetaprot.n,orhydroxy»a 
MParaWy packaged therefrom. y»roxyurea, 

Vmi ^^^W-aycomprteanolfeonudeofc.partfculartyasequence^ 

25 "^~.-obasa*en.fc.ly™d*d,i„temal,y„^uf-exed,nonha-* 

okson^deotide, and ce.ularmp*pro,ains,ftecdlular protons denvedtaace.*^ 

™a„HDAC,„bibi.„bydroxyu.a.dpackagedsepa«e,J2sud, 
mis may turtiercompdse lambda beta protein. 

^037] ^''"aycomprtseatfeas,«,e^tet,ta«.RAD52e,*tasisgroup,«» 
30 "»*™P»3™P.or^„ucteo,«eexd*,ropa^g™p^™yad^Jl^ 
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comprise trichostatin A, lambda beta protein, or hydroxyurea, optionaily with an 
oligonucleotide having sequence alteration activity. 

[0038] In yet other embodiments, particularly suited to preparing sequence altering 
oligonucleotides having one or more locked nucleic acid (LNA) residues, the kits of the 

5 present invention may comprise a template-independent single-strand polymerase, such as 
calf thymus terminal deoxynucleotidyl transferase; LNA monomers having 5'-triphosphates; 
and trichostatin A, lambda beta protein, or hydroxyurea. In other embodiments, the kits may 
comprise a water soluble carbodiimide composition; an imidazole composition; LNA 
monomers having a nucleophilic group; and Trichostatin A, lambda beta protein, or 

10 hydnsxyurea. 

[0039] Further aspects and embodiments of the instant invention are summarized in the 
following numbered items: 

1 . A method of oligonucleotide-mediated targeted nucleic acid 
sequence alteration, the method comprising: 

1 5 combining a target nucleic acid in the presence of cellular repair proteins 

with a sequence-altering targeting oligonucleotide; and 

either adding lambda beta protein additionally to said combination or first 
contacting the cells having said cellular repair proteins with an HDAC inhibitor or 
hydroxyurea. 

20 2. The method of item 1 , wherein said cellular repair proteins are 

purified. 

3. The method of item 1 , wherein said cellular repair proteins are 
present In a cell-free protein extract. 

4. The method of item 1 , wherein said cellular repair proteins are 
25 present within an intact cell. 

5. The method of item 4, wherein said cell is cultured ex wVo. 

6. The method of item 4, wherein said cell is within a living organism. 

7. The method of item 1 , wherein said cellular repair proteins are of a 
cell selected from the group consisting of: prokaryotic cells and eukaryotic cells. 

30 ' 8. The method of item 7. wherein said cell is a prokaryotic cell. 
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The method of item 8, wherein said prokaryotic cell is a bacterial 



10. 

11. 



10 



The method of item 9, wherein said bacterial cell is an £ co//cell. 
The method of item 7. wherein said cell is a eukaryotic cell. 

oI.nt. ^'^*°^°^'*""^^'*^^'«'"«««eukaryotfcc8llisayeastceii. 
plant cell, mammalian cell, or human cell. 

13. The method of Item 12, wherein said eukaiyotic cell is a yeast cell. 

14. Themethodofitem13.wherein8aidyeastisSaccte«,/„yces 
oeremiae. Ustllago maydis, or Candida albicans. 

The method of item 12, wherein said eukaryotic cell is a plant cell. 
The method of item 12. wherein said eukaryotic cell is a human 



15. 
16. 



cell. 

17. 



The method of item 16, wherein said human cell is selected from 

15 ---'Utemcell.hematopoie«cstemceli,hematopoiet.committedprogenter.^^ 
embryonic stem cell. y«'"iorceii. ana 

1 8. The method of item 12. wherein said eukaryotic cell is a 

mammalian cell. 

20 ., '^™'^'''«™ '8, .herein 8* mammal Is selected (mm to 

20 W consisting of mouse, hamster,*, and monkey. 

20. 1»"»lho<)ofanyoneofilems1-18,whereinsaid 
"^>.CeoMe«ft,.,c^„^,„3^„^,^^^^^^^^^ 

y^^y. M^oneo,m« misses as he^«„ tose,«„« ofsak. 

'*!^^=^«s«»^n.onsaldte,8etn«cacldWshnd,a^wha«lnsa« 
25 odgonudeolidehasalleastonatemilnalmodlffcation, 

, ^- ■^™«'«<'"i'«n20,wherein8aldatleastonetemiinal 
«^^a^n,sse^,edtato,™pc™s.^rt^«^„„^„,^ 

a«dW,a,teas.»e,en..n«.o-Mehase»,alo,,»K,a,feas.onetem*a, 

DrtosDhorothinflfp finiron^ 
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22. The method of item 21 , wherein said oligonucleotide is a single- 
stranded oligonucleotide 17-121 nucleotides in length, has an internally unduplexed 
domain of at least 8 contiguous deoxyritK)nucleotideSi and wherein said one or more 
mismatches are positioned exclusively in said oligonucleotide DNA domain and at least 8 

5 nucleotides from said oligonucleotide's 5* and 3' tenmini. 

23. The method of item 21 , wherein said oligonucleotide has at least 
one terminal locked nucleic acid (LNA). 

24. The method of item 1 , wherein said oligonucleotide is at least 25 
nucleotides in length. 

10 25. The method of item 1 , wherein said oligonucleotide is no more than 

74 nucleotides in length. 

26. The method of item 1 , wherein said oligonucleotide is no more than 
121 nucleotides in length. 

27. The method of item 1 , wherein said target nucleic acid is DNA. 

1 5 28. The method of item 27, wherein said DNA is double-stranded DNA. 

29. The method of item 28, wherein said double-stranded DNA is 



genomic DNA. 



chromosome. 



30. The method of item 29, wherein said genomic DNA is in a 



20 31 . The method of item 30, wherein said chromosome is an artificial 

chromosome. 

32. The method of item 29, wherein said genomic DNA is episomal. 

33. The method of item 1 , wherein said target nucleic acid is the 
nontranscribed strand of a double-stranded genomic DNA. 

25 34. A composition for enhanced oligonucleotide-mediated targeted 

nucleic acid sequence alterationi comprising: 

an oligonucleotide, said oligonucleotide capable, when combined in the 
presence of cellular repair proteins with a substantially complementary target nucleic acid, 
of effecting targeted sequence alteration therein; and 
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«. Thecomp<»ilio„ofitem38,^„,i„sak,«yi,a«,te^fc^ 
composition of iten 43, wherein said eukay* oe« Is a plant 



46. The 



cell. 
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«. '^«"l»«»ofil9m47,,*«lnsaidhumancellisselected 
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cell, cancer cell, stem cell, hematopoietic stem cell, hematopoietic committed progenitor 
ceil, and embryonic stem cell. 

49. The composition of item 43, wherein said eukaryotic cell is a 

mammalian cell. 

5 50. The composition of Item 49, wherein said mammal is selected from 

the group consisting of: mouse, hamster, rat, and monkey. 

51 . The composition of any one of items 34 - 50, wherein said 
oligonucleotide has at least one terminal modification. 

52. The composition of item 51 , wherein said at least one terminal 
10 modification is selected from the group consisting of: at least one terminal locked nucleic 

acid (LNA), at least one temiinal Z-O-Me base analog, and at least one terminal 
phosphorothioate linkage. 

53. The composition of item 52, wherein said oligonucleotide has at 
least one tenminal locked nucleic acid (LNA). 

1 5 54. The composition of any one of items 34 - 53, wherein said 

oligonucleotide is a single-stranded oligonucleotide 17-121 nucleotides in length, and has 
an internally unduplexed domain of at least 8 contiguous deoxyribonucleotides. 

55. The composition of any one of items 34 - 54, wherein said 
oligonucleotide is at least 25 nucleotides In length. 

20 56. The composition of any one of items 34 - 55, wherein said 

oligonucleotide is no more than 121 nucleotides in length. 

57. The composition of any one of items 34 - 56, wherein said 
oligonucleotide is no more than 74 nucleotides in length. 

58. The composition of any one of items 34 - 57, further comprising: 
25 trichostatin A, protein extract, or hydroxyurea. 

59. A kit, comprising: 
an oligonucleotide; and 

trichostatin A, lambda beta protein, or hydroxyurea. 

60. A kit, comprising: 
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an oligonudeotkle; and 
6^- A kit, comprising: 

5 

an oligonucleotide; 

cellular repair proteins; and 
lambda beta protein. 
62. A kit, comprising: 

tn-chostat,-n A. lambda beta protein, or hydroxyurea. 

63. The kit according to Item 62, further comprising: 

an ollgonucteotide having nuclefcsequenceatoon activity. 

64. A Wt, comprising: 

^5 a template-independent single-strand polymerase; 

LNA monomers having 5'-triphosphates; and 
trichostatin A. lambda beta protein, or hydroxyurea. 

^ %-te.inald:xynur;^^^^^^^^ 
66. A kit, comprising: 
a water soluble carbodilmlde composition; 
an Imidazole composition; 
LNA monomers having a nucleophilic group; and 
Trichostafin A, lambda beta protein, or hydroxyurea. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 
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[0040] The above and other objects and advantages of the present invention will be 
apparent upon consideration of the following detailed description taken in conjunction with 
the accompanying drawings, in which like characters refer to like parts throughout. 

[0041] FIG. 1 . Genetic readout system for correction of a point mutation in plasmid 
5 pKsm4021 . A mutant kanamycin gene harbored in plasmid pKsm4021 is the target for 
correction by oligonucleotides. The mutant G is converted to a C by the action of the 
oligonucleotide. Corrected plasmids confer resistance to kanamycin in £ coli (DH10B) 
after electroporation leading to the genetic readout and colony counts. The sequence of 
chimeric, RNA-DNA double-hairpin oligonucleotide KanGG is shown (SEQ ID NO: 1). 

10 [0042] FIG. 2. Hygromycin-eGFP target plasmids. Diagram of plasmid 

pAURHYG(x)eGFP. Plasmid pAURHYG(rep)eGFP contains a base substitution mutation 
introducing a G at nucleotide 137, at codon 46, of the Hygromycin B coding sequence (cds). 
Plasmid pAURHYG(ins)eGFP contains a single base insertion mutation between 
nucleotides 136 and 137, at codon 46. of the Hygromycin B coding sequence (cds) which is 

15 transcribed from the constitutive ADH1 promoter. Plasmid pAURHYG(A)eGFP contains a 
deletion mutation removing a single nucleotide at codon 46, of the Hygromycin B coding 
sequence (cds). The sequence of the normal allele, the target (existing mutant), and 
desired alteration is shown for each o the three plasmids. 

[0043] FIG. 3. Oligonucleotides for conrection of hygromycin resistance gene. The 
20 sequence of the oligonucleotides used in experiments to assay correction of a hygromycin 
resistance gene are shown. DNA residues are shown in capital letters, RNA residues are 
shown in lowercase and nucleotides with a phosphorethioate backbone are capitalized and 
underlined. In FIG. 3, the sequence of HygE3T/25 conresponds to SEQ ID NO: 7, the 
sequence of HygE3T/74T (also known as HygE3T/74 and Hyg3S/74T) conresponds to SEQ 
25 ID NO: 8, the sequence of HygE3T/74NT (also known as HygE3T/74a and Hyg3S/74NT) 
con-esponds to SEQ ID NO: 9, the sequence of HygGG/Rev con^sponds to SEQ ID NO: 10 
and the sequence of Kan70T corresponds to SEQ ID NO: 1 1; the sequence of HyglO 
corresponds to SEQ ID NO: 20. 

[0044] FIG. 4. pAURNeo(-)FIAsH^ plasmid. This figure describes the plasmid structure, 
30 target sequence, oligonucleotides, and the basis for detection of the nucleic acid sequence 
alteration event by fluorescence. The sequences of the Neo/Kan target mutant and its 
complement correspond to SEQ ID NO: 12 and SEQ ID NO: 13, the converted sequence 
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and its complement correspond to SEQ ID NO: 14 and SEQ ID NO: 15 and the FMsW™ 
peptide sequence corresponds to SEQ ID NO: 16. 

[0045] FIG. 5. Fluorescent microscopy oftargeting in the FIAsH ^»^system. This figure 
shows confocal microscopy of yeast strains before and after transfection by DNA/RNA 
5 chimeric oligonucleotide kanGGrv. Converted yeast cells are indicated by bright green 
fluorescence. (A) Upper left: wild type, nontatgeted. Upper right: Arad52. nontaigeted. (C) 
Lower left: wild type, targeted. (D) Lower right: Lrad52. targeted. 

[0046] FIG.6. pYESHyg(x)eGFPplasmid. This plasmid is a construct similar to the 
pAURHyg(x)eGFP construct shown In FIG. 7. except the promoter Is the inducible GAL1 

10 promoter. This promoter is inducible «rfth galactose, leaky in the presence of raffinose. and 
repressed in the presence of dextrose. 

[0047] FIG. 7. pYNmpiasmid. This figure shows the plasmW stmcture including the 
constitutive promoter from the TPL1 gene, which directs expression of the cDNA cloned 
downstream. 

15 [0048] FIGS. 8A and 8B. Constniotion of pAUR101.HYG(x)eGFP plasmid. FIGS. 8A and 
8B illustrate the construction scheme for the pAUR101-HYG(x)eGFP integrattonal plasmid. 
[0049] FIG.9. Dual targeting protocol. (A) Schematic diagram of the generalized 
strategy for dual targeting. (B) Sequences of the hygrpmycin-resistance gene and lis 
mutation. The wild-type ("wT) (SEQ ID NO: 23). mutant (SEQ ID NO: 24). and converted 

20 (SEQ ID NO: 25) sequences are shown, together with the sequence-altering oligonucleotide 
used to generate the conversion ("Hyg3S/74NT") (SEQ ID NO: 9) (C) Schematic of the 
YAC containing the human P-globin locus, the segment of the p-globin gene In which the 
alterations are made (SEQ ID NO: 26) and the oligonucleotides used to generate the 
nonselectable alterations: "PThall" (SEQ ID NO: 27) and "PThal2» (SEQ ID NO: 28). 

25 [0050] F'G-10.Dua/fa/ge//ngresufe (A) Efficiency of gene editing of hygromycin 
mutation using the dual targeting protocol. For these experiments. YAC-containing 
LSY678IntHyg(rep)p cells are grown In the presence of HU. electroporated with the 
selectable and nonselectabte oligonucleotides, and allowed to recover in the presence of 
TSA. (B) Gene editing of the human p-globin gene directed by the pThaH oligonucleotide 

30 including the sequence of the altered segment before (SEQ ID NO: 29) and after (SEQ ID ' 
NO: 30) the conversion. 



wo 03/075856 



PCT/US03/07217 



-16- 

[00511 FIG. 11. Dual targeting and RadSt (A) Efficiency of gene editing of hygromycin 
mutation using the dual targeting protocol in combination with overexpression of yeast 
Rad51. For these experiments, YAC-containing LSY678lntHyg(rep)p cells are grown in the 
presence of HU, eiectroporated with the selectable and nonselectable oligonucleotides, and 
5 allowed to recover in the presence of TSA. (B) Gene editing of the human p-globin gene 
directed by the pThal2 oligonucleotide, including the sequence of the altered segment 
before (SEQ ID NO: 31) and after (SEQ ID NO: 32) the conversion. 

DETAILED DESCRIPTION OF THE INVENTION 

[0052] The present invention provides methods, compositions, and kits for increasing the 
1 0 efficiency of oligonucleotide-mediated nucleic acid sequence alteration, 

[0053] The methods comprise administering to a cell or tissue from a bacterium, a fungus, 
a plant, or an animal, including mammals, an agent or agents such as an HDAC inhibitor, a 
composition comprising beta protein, or hydroxyurea, and concurrently, or at some time 
thereafter, administering to the treated cell or tissue an oligonucleotide having nucleic acid 
15 sequence alteration activity. 

[0054] Although HDAC inhibitors have been used to facilitate homologous recombination 
and viral-mediated gene transfer, and although lambda beta protein has been shown to 
facilitate homologous recombination between nucleic acids in £. co// cells, which nucleic 
acids may be intrachromosomal or extrachromosomal, and although HU has been used to 
20 enhance the efficiency of gene targeting by viral transduction and nuclear transfer, prior to 
the invention described herein it was unknown and could not be predicted whether these 
agents could be used to enhance the efficiency of oligonucleotide-mediated nucleic acid 
sequence alteration. 

[0055] Oligonucleotide-mediated nucleic acid sequence alteration is mediated by cellular 
25 proteins different from those that mediate homologous recombination. The oligonucleotides 
used for oligonucleotide-mediated gene alteration typically lack structures, such as long 
stretches of sequence complementarity to the target, that are required for homologous 
recombination. And oligonucleotide-mediated nucleic acid sequence alteration does not 
involve the intermediation of viral proteins. 

30 [0056] The genetic products resulting from oligonucleotide-mediated sequence alteration, 
on ttie one hand, differ from tiiose resulting from eitiier homologous recombination or virally- 
mediated transduction, on the other. 



30 
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a»u5«,exsnsi«,,e.g., between abou 1.5 10 15 Kb, insert™,*, 
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Proc. Natl. Acad, Sci. USA 98 (15): 8461-8468 (2001)), oligonucleotide-mediated gene 
alteration Is more efficient in the absence of RAD52. 

[0061] It was further unknown and could not be predicted whether lambda beta protein 
could be used to enhance the efficiency of oligonucleotide-mediated nucleic acid sequence 
5 alteration in cells other than the natural host of the lambda phage. 

[00621 We have now discovered, surprisingly, that despite the difference in mechanisms 
as between oligonucleotide-mediated sequence alteration, on the one hand, and 
homologous recombination and viral transduction on the other, that prior or 
contemporaneous treatment of cells with the HDAC Inhibitor trichostatin A or with 

10 hydroxyurea increases the efRciency of oligonucleotide-mediated sequence alteration. We 
have further discovered that despite the difference in mechanisms as between 
oligonucleotide-mediated sequence alteration, on the one hand, and homologous 
recombination on the other, and despite the difference in proteins and intracellular milieu as 
between £ co//, on the one hand, and eukaryotic cells, on the other, that lambda beta 

1 5 protein surprisingly increases the efficiency of oligonucleotide-mediated sequence alteration 
in all cells tested. 

[0063] Accordingly, the invention provides methods, compositions, and kits for increasing 
the efficiency of oligonucleotide-mediated nucleic acid sequence alteration. The methods 
comprise treating a cell or tissue from a bacterium, a fungus, a plant, or an animal with an 
20 HDAC inhibitor or hydroxyurea, and then administering to the treated cell or tissue an 
oligonucleotide having nucleic acid sequence alteration activity, or treating a cell or tissue 
from a bacterium, a fungus, a plant, or an animal simultaneously with lambda beta protein 
and an oligonucleotide having nucleic acid sequence alteration activity. 

[0064] The methods, compositions, and kits of the present invention can be used with 
25 any oligonucleotide having nucleic acid sequence alteration activity. All such 

oligonucleotides comprise at least a portion that is fully complementary in sequence to the 
sequence of a portion of a nucleic acid target, except for noncomplementary bases 
designed to direct nucleic acid sequence alteration. Thus, the oligonucleotides used in the 
methods of the invention have at least one base pair different from the sequence of a target 
30 gene, or have at least one base pair different from the complement of the DNA sequence of 
a target gene. 
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■"^ Because Wptexina oligonucleotides DM to DMA usinc Hnr^ ■ 

9 "® "^"'"^^"^""9 Chimeric Oligonucleotides comprise both 
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tautomers thereof. Illustrative examples of nudeobases are adenine, guanine, thymine, 
cytosine, uracil, purine, xanthine, diaminopurine, 8-oxo-N6-methyladenlne, 7-deazaxanthine, 
7-deazaguanlne, N4,N<<thanocytosine, N6,N6-ethano-2,6-diamlnopurine, 54nethylcytosine, 
5-(C3-C6)-aikynyicytosine, 5-fluorouracil, 5-bromouracll, pseudoisocytoslne, 2-hydroxy-S- 
5 methyM-triazolopyridine, isocytosine, isoguanine, inosine and the "non-naturaily occurring* 
nucieobases described in US Pal No. 5,432,272. The term "nuclecbase" is intended to 
cover each of these examples as well as analogues and tautomers thereof. 

[0070] The methods, compositions and kits of the present invention can also be used to 
increase the frequency and efficiency of ollgonucleotide-medlated nucleic acid sequence 

1 0 alteration using chemically-modified, single-stranded, internally unduplexed 

oligonucleotides, as are described, inter alia, in U.S. Patent No. 6,271,360; international 
patent publications nos. WO 01/73002, WO 01/92512, and WO 02/10364; Pierce et al.. 
Gene Ther. 10(1):24-33 (2003); Parekh-Olmedo et al., Chem Biol. 9(10):1073-84 (2002); Uu 
et al., Nucleic Acids Res. 30(13):2742-50 (2002); and Gamperet a!.. Nucleic Acids Res. 

15 28(21):4332-9 (2000), the disclosures of which are incorporated herein by reference in their 
entireties. 

[00711 Particulariy useful single-stranded chemically modified oligonucleotides are those 
that are 17 - 121 nucleotides in length and that have an internally unduplexed 
deoxyribonucleotide "alteration" domain, which domain is typically, but not invariably, at 

20 least 8 nucleotides In length. Mismatches as between the sequence of the oligonucleotide 
and its target are positioned within the Internally unduplexed DNA domain, and are typically, 
although not invariably, at least 8 nucleotides from tiie oligonucleotide's 5' and 3' temilni. 
The oligonucleotide Is fully complementary In sequence to the sequence of a first strand of 
the nucleic acid target, but for one or more mismatches as between the sequences of the 

25 deoxyribonucleotide alteration domain and its complement on the target nucleic acid first 
strand. Additionally, the oligonucleotide has at least one temiinal modification selected from 
the group consisting of: at least one terminal locked nucleic acid (LNA), at least one terminal 
2'-0-Me base analog, and at least one temiinal phosphorothioate linkages. Typically, at 
least one of tiie at least one modification is located at a terminus of the oligonucleotide. 

30 Often, a plurality of such modifications are present, such as 2, 3, 4 or more 
phosphorotiiloate linkages at one or both termini. 

[0072] Although 2'-0-metiiyl residues are ribonucleic acids, the single-stranded 
chemically modified oligonucleotides differ from the "chimeric" oligonucleotides above- 
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described by positioning the mismatch, as compared to target, within an intemaliy 
unduplexed DNA domain. Furthermore, the single-stranded chemically modified 
oligonucleotides \ack the hairpin structures found in the sequence altering chimeric 
oligonucleotides above-described (i.e., they are "nonhairpin" molecules). 

5 [0073] A particulariy useful chemical modification to be included when the methods, 
compositions, and kits of the present invention are used to enhance or increase the 
frequency of sequence alteration by single-stranded chemically modified oligonucleotides. Is 
the inclusion of one or more monomers from the class of synthetic molecules known as 
locked nucleic acids (LNAs). LNAs are bicyclfc and tricyclic nucleoside and nucleotkle 

1 0 analogues and the oligonucleotWes that contain such analogues. The basic structural and 
functbnal characteristics of LHAs and related analogues are disclosed in various 
publications and patents, including WO 99/14226, WO 00/56748, WO 00/66604, WO 
98/39352, US Pat. No. 6.043,060, and US Pat. No. 6,268,490, all of which are incorporated 
herein by reference in their entirety. 

15 [0074] The general LNA structure may be described by the foltowing formula: 




R3* R2* 

wherein X is selected from -0-, -S-. -N(Rn>. .C{R6R6^., -0-G(R7R7^-. -C(R6R6*)0., -S- 

C(R7R7*)-, -C(R6R6>S-, -N(RN*)-C(R7R7>, -C(R6R6^-N(RN>, and -C{R6R6*)^(R7R7^.; 

B is selected from hydrogen, hydroxy, optionally substituted GM-alkoxy, optionally 
20 substituted Cu-aikyl, optionally substituted C1-4-acyloxy, and the nucleobases; 

P designates an Intemucleoskle linkage to an adjacent monomer, or a 5'-terminal group, 
such Intemucleoside linkage or 5'-tennlnal group optionally including the substituent RS; 
one of the substltuents R2 R2*, R3, and R3' is a group P* which designates an 
Intemucleoside linkage to an adjacent monomer, or a 3'-terminal group; 
25 one or two pairs of non-geminal substltuents selected from the present substltuents of W, 
R^*, R5, R5-, R6, R6*, r7, r7' rn* gnd the ones of R2, R2*, R3, and 9?' not designating P* 
each designates a covalent bridging moiety consisting of one or more of the following 
substltuents: -CtRaRb)-. -C(Ra)=C(Ri')-, -C(Ra) = N-. -0-, -Si(RaRb)- ^- -S0^. -N(R«)-, and 
>C=Z, 
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wherein Z is selected from -0-, -S-, and -N(Ra)-, and Ra and R** each is independently 
selected from hydrogen, optionally substituted Ci.i2-alkyl, optionally substituted C2.12- 
akenyl optionally substituted Ca-iz-allcynyl, hydroxy. Ci-ia-alkoxy, Ca-i^-alkenyloxy, carboxy, 
Ci-12-alkoxycarbonyl, Ci-12-alkylcarbonyl, fonnyl, aryl, aryloxycarbonyl, afyloxy, arylcarbonyl, 

5 ' heteroaryl, heteroaryloxycarbonyl, heteroaryloxy, heteroarylcarbonyl, amino, mono- and di- 
(Ci-6-aIkyl)amino, carbamoyl, mono- and di-(Ci^-alkyl)aminocarbonyl, amino-Ci^- 
alkylaminocarbonyl, mono- and di-(Ci^-alkyl)amino-Ci^-alkylaminocarbonyi, Ci^ 
alkylcarbonyiamino, carbamide, Ci^-alkanoyloxy, sulphono, Ci^-alkylsulphonyloxy, nitro, 
azido, sulphanyl, Ci^-alkylthio, and the halogens, where aryl and heteroaryl may be 

10 optionally substituted, and where two geminal substituents Ra and R^ together may 
designate optionally substituted methylene ( =CH2), and wherein two non-geminal or 
geminal substitutents selected from R^, R^, and any of the substituents R^*, R2, R^*, R3, R3*^ 

R5, R5*, R6 and R^*, R7, and R^* which are present and not involved in P, P*, or the 
covalent bridging moiety or moieties together may form an associated bridging moiety 

1 5 selected from substituents of the same kind as defined before; 

the pair(s) of non-geminal substituents thereby forming a mono- or bicyclic entity together 
with (i) the atoms to which the non-geminal substituents are bound and (ii) any intervening 
atoms; and 

each of the substituents R1*. R2 R2*. R3, R4-, rs^ rs*^ rb and R6*, R7 and R7* which are 
20 present and not involved in P, P*, or the covalent bridging moiety or moieties is 
independently selected from hydrogen, optionally substituted Ci.i2-alkyl, optionally 
substituted Ca-ia-alkenyl, optionally substituted C2-i2-alkynyl, hydroxy, Ci-12-alkoxy, Ca-i?- 
alkenyloxy, carboxy, Ci.i2-aIkoxycarbonyl, Ci.i2-alkylcarbonyl, fonnyl, aryl, aryloxycariDonyl, 
aryloxy, arylcarbonyl, heteroaryl, heteroaryloxycarbonyl, heteroaryloxy, heteroarylcarbonyl, 
25 amino, mono- and di(Ci^-alkyl)amino, carbamoyl, mono- and di(Ci^-alkyl)aminocarbonyl, 
amino-Ci^-alkylaminocarbonyl, mono- and di(Ci4-alkyl)amino-Ci^-alkyldminocarbonyl, Ci. 
6-alkylcarbonylamino, carbamide, Ci^-alkanoyloxy, sulphono, Ci^-alkylsulphonyloxy, nitro, 
azido, sulphanyl, Ci^-alkylthio, and halogens, where aryl and heteroaryl may be optionally 
substituted, and where two geminal substituents together may designate 0x0, thioxo, Imino, 
30 or optionally substituted methylene, or together may fomri a spiro bridging moiety consisting 
of a 1-5 carbon atom(s) alkylene chain which is optionally interrupted and/or terminated by 
one or more substituents selected from -0-, and -(NR^)- where R"^ is selected from 
hydrogen and Ci4-alkyl, and where two adjacent (non-geminal) substituents may designate 
an additional bond resulting in a double bond; 
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[0078] In one series of useful embodiments, as disclosed in WO 99/14226 and US Pat. 
No. 6,268,490, LNAs contain a methylene bridge connecting tlie 2'-oxygen of the ribose 
with the 4'-carbon according to the following forniula: 




where B is a nucleobase, and X and Y are internucleoside linl^ages. Without intending to be 
bound by theory, the covalent bridging moiety of these analogues is believed to reduce the 
conformational flexibility of the ribose ring by locking it in a 3'-endo confonnation and to 
10 thereby increase the local organization of the phosphate backbone. 

[0079] In other useful embodiments of this stmcture, the 2'-oxygen position is substituted 
with nitrogen or sulfur as shown in the following structures: 




where B is a nucleobase, and X and Y are intemucleoside linkages. 

[0080] In other useful embodiments of the basic LNA structure, as disclosed in WO 
99/14226, the covalent bridging moiety may include more than one carbon atom and may 
span other positions within the ribose ring according to the following structures: 
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X 0 




X O 



OCH, 




Where B is a nucleobase. and X and Y are intemucleoside linkages. 
[0081] Alternatively, oligonucleotides used for sequence alteration In the methods 
compositions, and kitsof the present invention may indudeoligomerecomprism^ 
one nucleoside having a xylo-LNA stmcture as disclosed In WO 00/56748 and ha^ng the 



general formula: 




10 



where the intemucleoside linkages are designated byPandP-.and the othergreups may 
be the substituents disclosed in WO 00/56748. Specie examples of this analogue are 



disclosed in WO 00/50748 with the following stmctural framework" 
X — o 




15 !^rrr AisodisdosedinWO 

16 00/56748 and considered within the scope of the cunent inventton are nucleoside 
analogues that contain linkages between the 2 and 5' cartons of the ritose ring- 
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where B is a nucleobase, and X and Y are intemucleoside linkages. 

[0082] Other embodiments of the invention may include oligomers comprising at least one 
nucleoside having an L-Ribo-LNA staicture as disclosed in WO 00/66604 and having the 
general fbnnula: 

R4* B 



7 



Rr 

where the intemucleoside linkages are designated by P and P*, and the other groups may 
be the substituents disclosed In WO 00/66604. Specific examples of this anatogue are 
disclosed in WO 00/66604 with the following structural framework: 



° o I 



where B is a nucleobase, and X and Y are intemucleoside linkages. 

[0083] Other embodiments considered within the scope of the present invention include 
oligonucleotides that contain the nucleoside analogues disclosed In US Pat. No. 6,043,060. 
These analogues are represented by monomer units of the general fomnula: 



15 
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Where B is a w-taWine or purine nucleic add base, or a derhaHv, trn^H. m) where 
w*.nanol^o,ner,lheplu,,l«,„,B«,b,ta*^,l«kterticalloor«^^ 



antoher. 



Wm synthesis ofteructeosldea and nucleoside analogues useM in tepracBce of 
tap«ertl„va„fo„.andlheo.go™«Mconanftam,canbeperfo™dasdlsdosed 

us Pat No. 6,268,490. Certain of «» analogues, and swithesis senfces, are availaWe 
eonmereially (Proligo, Boulder, CO, USA). 

10085) '"efirslasp^itainvanfionprevidesanlmprevadnMlWii^dlaonucleolide- 
10 ™d«od ™d* acid saquance aHereBon, k, whKh Ihe se<,u,m» alteredon Is effected by 
comtaring Ihe targeted nucleic acM in the presence of cellular repair pretelns wHh a 
sequenw^tertng targeHns ol^ucleollde. The improvement comprises either adding 
laml>da beta pretein additaaH, to the romblnation or fist contacSng Ihe celb ha*g the 
'ell'l^arrepairpn^lns.^lhanHDACinhibfcrorhydroxyurea. The method thus co-npdses 
15 comtaning the targeted nuci»c add. In the presence of celuiar repair prrtelns, *h a 
sequence^ltering targeting oligonudeotide, and either adding lambda beta preHn 
addttaaliy to the ccmbinatton or first oonl«a„g Ih, celb having the cellular pretains «» 
an HDAC inhibitor or hydroxyurea. 

(0086) "»«<l"««»-alMngolSom,dec«deandtargetmaybecon«nedexvivo,™th 
20 """ll'^'^Pe^P'Weinspreserrt.rthselsctivelyenridMdcens.cefe 

fteeexbacb. A«en*ely,lhese,^ted,^^„^,^^^^, ^^^^^ 

=9*«d«-vo, in Which ftecefcterrep*^™«presert«nceHs present *in 
the body. 

[00871 Themethod8.compositions,andkrtsoftheinventioncanbeusedtoenhancethe 
25 alteration mediated by an oligonucleotide directing any kind of alteration, induding Ibr 
example, deletion, insertion or replacement of 1. 2 or 3 nucleotides in the target sel,uence 

TheseaterednucleotWesmaybecontiguousornon-contiguoustoeachother. Further ' 
nucleic ackl sequence alteration by Oligonucleotides ta^eting 1.2. or3mu^ 
alterations is also enhanced using the kits and methods of the instant invention. Each of 
30 such multiple mutatfons can include, forexample. deletion, insertion or replacementof 1 2 

orSnudeotkles in the target sequence. These altered nucleotides may be contiguous or 
non.c«ntiguous toeach other. Wherenucleicacid sequence aWon Of multiplesequence 
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targets is enhanced, the multiple alterations can be directed by a single oligonucleotide or 
by 1, 2 or 3 separate oligonucleotides. Usefully, the multiple alterations are directed by a 
single oligonucleotide, and the multiple alterations are within 1 to 10 nucleotides of each 
other. 

5 [0088] The methods, compositions, and kits of the instant invention can be used to 
enhance the efficiency of nucleic acid sequence alteration directed by an oligonucleotide 
that targets either strand of a double-stranded target nucleic acid. In a particularly useful 
embodiment, these methods are used to enhance the efficiency of an oligonucleotide 
targeting actively transcribed sequences. In another useful embodiment, these methods are 

10 used to enhance the efficiency of an oligonucleotide targeting the non-transcribed strand of 
the target sequence. 

[0089] The methods, compositions, and kits of the invention can be used to enhance the 
efficiency of nucleic acid sequence alteration directed by an oligonucleotide that targets 
genomic DNA, including nuclear and organelle chromosomal DNA, and artificial 

15 chromosomal DNA, such as yeast artificial chromosomes (YACs). bacterial artificial 
chromosomes (BACs), plant artificial chromosomes (PIACs), binary-bacterial artificial 
chromosomes (BiBACS), and human artificial chromosomes (HACs). The methods, 
compositions, and kits of the instant invention can be used to enhance the efficiency of 
oligo-directed sequence alteration of other types of targets, such as isolated episomal 

20 targets, including, for example, plasmids, cosmids, phagemids, and nonintegrated viruses. 

[0090] The methods, compositions, and kits of the invention can be used to enhance the 
efficiency of oligonucleotide-directed targeted sequence alteration targeted to any part of a 
gene including, for example, an exon, an intron, a promoter, an enhancer or a 3*- or 5- 
untranslated region. Further, the methods, compositions, and kits of the invention can be 
25 used to enhance the efficiency of an oligonucleotide mediated targeted sequence alteration 
of intragenic or intergenic sequences. 

[0091] The methods, compositions, and kits of the present invention can be used to 
increase the efficiency of oligonucleotide-mediated nucleic acid sequence alteration in a 
wide variety of cell types, or within protein extracts derived from such cell types, drawn from 
30 a wide variety of species, including both prokaryotic and eukaryotic species. 

[0092] Thus, the methods, compositions, and kits of the instant invention can be used to 
enhance the efficiency of nucleic acid sequence alteration in cells drawn from lower 
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PW^ Tl» meUKxfe, comp«io„s, and kte of the Instant invention can 1» ,«i «, 
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rigidum), petunia {Petunia, e.g. x hybrida), hyacinth {Hyadnthus orientalis), carnation 
{Dianthuse.g. caryophyllus), delphinium {Delphinium, e.g. ajacis), Job's tears (Co/x 
lacryma-jobi), snapdragon {Antinhinum majus), poppy {Papaver, e.g. nudicaule), lilac 
{Syhnga, e.g. vulgaris), hydrangea (Hydrangea e.g. macrophylla), roses (including Gallicas, 
5 Albas, Damasks, Damask Perpetuals, Centifolias, Chinas, Teas and Hybrid Teas) and 
ornamental goldenrods (e.g. Solldago spp.). Generally, isolated plant cells are treated with 
a composition of the invention and/or according to a method of the invention and then used 
to regenerate whole plants according to any method known in the art. 

[0094] The methods, compositions, and kits of the instant invention can be used to 
1 0 enhance the efTiciency of nucleic acid sequence alteration in cells (or extracts thereof) 
drawn from animals. Including, for example, domestic and wild fowl, such as chickens, 
geese, ducks, turkeys, pheasant, ostrich and pigeon; mammals, including domestic 
livestock, such as horses, cattle, sheep, pigs, goats, bison; fish such as salmon, tilapla, 
catfish, trout and bass; mammals, including model experimental animals such as mice, rats, 
15 guinea pigs, and rabbits; domestic pets such as dogs and cats; and human beings. 

[0095] The methods, compositions, and kits of the instant invention can be used to 
enhance the efficiency of nucleic acid sequence alteration in cells (or extracts thereof) 
drawn from a wide variety of tissues and cell types, including somatic cells such as cells of 
liver, lung, colon, cervix, kidney, and epithelia, germ cells, pluripotent stem or committed 
20 progenitor cells, such as CD34* hematopoietic stem cells (including CD34+CD38- cells), and 
embryonic stem cells (ES cells). 

[0096] Cun^ently, some jurisdictions have prohibitions on the culture and/or genetic 
manipulation of human stem cells. Thus, although the methods, compositions, and kits of 
the present invention can be used to enhance the efRciency of nucleic acid sequence 

25 alteration within human ES cells (or extracts thereof), the invention may, in some Instances, 
be practiced in all cell types except human embryonic stem cells. No such prohibitions exist 
at present for culture and/or genetic manipulation of murine embryonic stem cells or stem 
cells from other animals, and the present invention may thus be used without restriction to 
increase the efficiency of sequence alteration in embryonic stem cells from species other 

30 than human beings, including mice, rats, cows, sheep, goats, monkeys, apes, and cattle. 
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[0097] Each of the methods, compositions, and l^its of the present invention can be 
combined with one or more of the other methods, compositions, and Idts of the present 
invention, further to increase efficiency of sequence aiteration. 

[0098] Additionaliy, the methods, compositions, and lots of the present invention can be 
5 used in conjunction with other methods for increasing the efficiency of oligo-mediated 
nucleic acid sequence alteration. 

[0099] For example, the methods, compositions, and l<its of the present inventfon can be 
used to introduce sequence alterations into ceils that have altered nucleic acid sequence 
alteration efficiency based upon increased or decreased levels or activity of at least one 

10 protein from the RAD52 epistasis group, the mismatch repair group or the nucleotide 

excision repair group. Members of these groups include: RAD50, RAD51 , RAD52, RAD54. 
RAD55, RAD57, RAD59, MRE11 and XRS1 in the RAD52 epistasis group; MSH2, MSH3, 
IWSH6 and PMS1 in the mismatch repair group; and I^DI, I^D2, RADIO. RAD23 and 
EX01 in the nucleotide excision repair group. The designation "RAD52 epistasis group" is 

15 taken from the yeast (Saccharomyces cerevisiae) designation, but it is understood that 
homologs, orthologs and paralogs from other organisms, including bacteria, plants, animals 
and other fungi can be used in the methods of the instant invention. 

[0100] In particular, the methods, compositions, and Idts of the present invention can be 
used to introduce sequence alterations into cells that have reduced levels or activity of at 
20 least one protein selected from the group consisting of a homolog, ortholog or paralog of 
RAD1, RAD51. RAD52, RAD57 and PMS1. See. for example. International Patent 
Application PCT/US01/23770. published as WO 02/10364, and commonly owned, 
copending, U.S. patent application no. 10/351,662, filed January 24. 2003, the disclosures 
of which are incorporated herein by reference in their entireties. 

25 [0101] Alternatively, or in addition, the methods, compositions, and l<its of the present 
invention can be used to introduce sequence alterations into ceils (or extracts thereof) that 
have altered nucleic acid sequence aiteration efficiency based upon increased levels of at 
least one of the nomial allelic RADIO, RAD51, RAD52, RAD54, RAD55, MRE11, PMSIor 
XRS2 proteins, or with increased activity of one of these proteins. See commonly owned 

30 and copending U.S. patent application serial number 10/260.375, filed September27, 2002, 
the disclosure of which is incorporated herein by reference in its entirety. 
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[0102] The methods, compositions, and l^its of the present invention may also be used 
with methods that enhance oiigonucleotide-directed nucleic acid sequence alteration by 
reducing the number of target nucleic acid molecules required to be screened during 
oligonucleotide-directed targeted nucleic acid sequence alteration. 

5 [0103] As further described and illustrated in Examples herein below, such methods 
involve using at least a first and a second oligonucleotide, each of which is capable of 
directing alteration in at least a first and a second nucleic acid target, respectively. At least 
the second oligonucleotide directs an alteration that produces a selectable phenotype, 
which is thereafter selected. Although the first oligonucleotide may direct an alteration that 
1 0 produces a selectable phenotype, generally the first oligonucleotide directs an alteration that 
must be identified by screening, e.g., determining the con^esponding nucleic acid sequence 
or assaying a non-selectable phenotype that is generated by the alteration event. 

[0104] The dual targeting approach reduces the number of nucleic acid molecules 
required to be screened by at least about two-fold relative to the number that must be 
15 screened in a composition that has not previously been selected for an oligonucleotide- 
directed nucleic acid sequence alteration that confers a selectable phenotype. The 
reduction can be by at least about two, three, four, five, six, seven, eight, nine, ten, twelve, 
fifteen, twenty, thirty, and fifty or more fold. 

[0105] Sequence alteration by the second oligonucleotide may confer any selectable 
20 phenotype known in the art, choice of which will depend, in part, upon the host cell chosen 
and whether the selection is to be effected in vitro or in vivo. Exemplary selectable 
phenotypes include, e.g., antibiotic or other chemical resistance, ability to use a nutrient 
source, expression of a fluorescent protein, presence of an epitope or resistance to an 
apoptotic signal. 

25 [0108] In yet a further alternative, the methods, compositions and kits of the present 
invention may be used in dual targeting methods, as above-described, further comprising 
administration of at least one purified protein in the RAD52 epistasis group, the mismatch 
repair group, or the nucleotide excision repair group. In certain embodiments, the method 
comprises administering the two oligonucleotides to a cell in which two distinct proteins are 

30 manipulated — for example, by knockout of one chromosomal gene and complementation 
or supplementation of a second gene product to produce increased or altered levels of the 
second protein. In one such embodiment, the targeted cell has a knock-out mutation in the 
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Chromosomal RAD52 gene and the cell fe comptemented or supplemented m the RAD51 
gene product expressed in trans under control of a promoter, e.g. a consfitutive promoter. 
[0107] In yet a further embodiment, the methods, compositions, and kits of the present 
.nvenbon are used in conjunction with a ce\l (or extract thereof) in a particular phase of the 
5 growth cycle, developmental state or cell cycle position that exhibits altered nucleic acid 
sequence alteration eiclency. A partfcular phase of growth that particularly favors nucleic 
acKj sequence alteration may be easily detemiined by sampling cells at multiple points 
dunng the growth cycle, for example over the course of a growth curve, and monitoring 
sequence alteration in those cells using the assays described herein, Phases of the growth 
cycle thatmightparticularly favor nucleic acid sequence alteration include, for example lag 
phase, early log phase, log phase, late log phase, the transition between log and stationaiy 
phase, early stationary phase and late stationary phase. Altematively, these may be the S 
phase. M phase. G1 phase or G2 phase of the cell cycle or transition points between the 
phases. Paraculardevelopmental phases can be similarly assayed ^th cells that have 
been induced to differenfiate by. for example, homione or other treatments, ordtetiated 
cells isolated from a particular tissue. 

[0108] The oligonucleotides, including oligonucleotide^^ontainlng compositions, used in 
the methods of the present invention can be introduced into cells or tissues by any 
technique known to one of skill in the art. Such techniques include, for example 
electroporation. liposome transfer, naked nucleic acid insertion, particb bombartment and 
calcium phosphate precipitation. In one embodiment the transfection is perfbmied with a 
liposomal transfer compound, for example, DOTAP (N.1-(2.3-Dioleoyloxy)propyl-N N N- 
trimethylammonium methylsulfate, Boehringer-Mannheim) oran equivalent such ^ ' 
LiPOFECTIN®. In another embodiment, ttie transfection technique uses catibnic lipids. In 
a preferred embodiment, transfection is perfomied with Lipofectamlne™ 2000 (Invitrogen) 
The mettiods of tfie invention can be used with a wide range of concentration of 
oligonucleotides. Forexample. good results can be achieved with 10 nM/W cells Aratio 
of about 500 ng of oligonucleotide in 3 pg of DOTAP per 1 0^ cells can be used The 
transfected cells may be cultured in different media. Including, forexample. in semm-frae 
media, media supplemented with human semm albumin, or human serum. 
[0109] The methods, compositions, and kits of the instant invention comprising eittier an 
HDAC inhibitor, such as trichostatin A. or HU typically increase nucleic acid sequence 
alteration efficiency by at least two fokJ relative to tt« same mettiod respectively lacking the 
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HDAC inhibitor or HU. Tlie Increase in nucleic acid sequence alteration effidency can also 
be alwut three, four, five, six, seven, eight, nine, ten, twelve, fifteen, twenty, thirty, and fifty 
or more fold. The methods, compositions, and kits of the Instant Invention comprising beta 
protein Increase the efficiency of altering a DNA sequence, as compared to the same 

5 method laci<lng beta protein, typically at least 2 fold, and can increase tiie efficiency 5 fold, 
10 fold, 15 fold, 20 fold, 25 fold, 30 fold. 40 fold, 50 fold, 60 fold, 70 fold, 80 fold. 90 fold, 
100 fold, 250 fold, 500 fold, 1000 fold, or more; in certain embodiments, the methods, 
compositions, and kits of the Instant invention that comprise beta protein increase efficiency 
less than two-fold as compared to comparable methods lacking beta protein, such as 1.9 

10 foW, 1 .5 fold, or even by 10%, 20%, 30%, 40%. 

[01101 In embodiments of the methods of the present invention that utilize an HDAC 
Inhibitor or HU. cells may be first contacted with the HDAC Inhibitor or hydroxyurea, then the 
oligonucleotide combined with the target In the presence of cellular repair proteins. 
Alternatively, the HDAC Inhibitor or hydroxyurea may be contacted to the cells concun^ntly 
1 5 with combining of the oligonucleotide with the target. In yet other alternatives, the HDAC 
inhibitor or hydroxyurea may be contected to the cells after the oligonucleotide is combined 
with the target. 

[0111] The HDAC Inhibitor can be trichostatin A. One of skill In the art will appreciate, 
however, that other HDAC inhibitors may be suitable for these purposes. For exampte, U.S. 

20 Patent Application No. 2002/01 43052, which Is hereby Incorporated by reference in its 
entirety, discloses compounds having HDAC inhibitor activity due to the presence of a zinc- 
binding moiety. Other examptes of HDAC inhibitors suitable for purposes of the invention 
include butyric acid, MS-27-275, suberoylanilide hydroxamic acid (SAHA), oxamflatin, 
trapoxin A, depudecin, FR901228 (also known as depsipeptide), apicidin, /rj-carboxy- 

25 cinnamic acid bishydroxamic acid (CBHA), suberic bishydroxamic acid (SBHA), and 
pyroxamide. See IVIarks et al., J. Natl. Cane. Inst. 92(15), 1210-1218 (2000). which is 
hereby Incorporated by reference in Its entirety. Yet other examples of suitable HDAC 
Inhibitors are chlamydocin, HC-toxin, Cyl-2, WF-3161 , and radiclcol, as disclosed In WO 
00/23567, which is hereby incorporated by reference In Its entirety. 

30 [01 12] When administering an HDAC Inhibitor or HU to cells or cell extracts, the dosage to 
be administered and the timing of administration will depend on various factors, including 
' cell type. 
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[0117] Optimum dosages and the timing and duration of administration of HDAC inhibitors 
and HU to cells or cell extracts can be detemnined by routine experimentation. 

[0118] For example, optimized dosage and timing of treatment with an HDAC inhibitor, 
such as TSA, can be determined using the assay system set forth in Example 6 herein 

5 below. Cultured cells (such as yeast cells) are treated with varying concentrations of HDAC 
inhibitor for a varying number of hours prior to electroporation with the sequence altering 
oligonucleotide. After recovery for varying periods, the cells are plated and tested for 
efficiency of sequence alteration. Parameters are then selected that provide the highest 
efficiency of con-ection. The method may then be repeated, as necessary, further to 

10 optimize dosage, duration of pretreatment, duration of recovery period, if any, and the like. 

[0119] A similar approach for HU can be determined using the assay system set forth in 
Example 8 below. 

[0120] Such assays, or apparent variants thereof, may be perfomned to optimize 
conditions for any chosen cell type. 

1 5 [0121] In embodiments of the first aspect of the present invention that use beta protein, 
lambda beta protein is added to the combinatioh of sequence-altering oligonucleotide and 
target nucleic acid. As used herein, the term "beta protein" refers to a protein expressed 
from the bet gene of the Red recombination system from any strain of bacteriophage 
lambda. The tenn additionally encompasses an altered version of beta protein derived from 

20 the native, full length gene product that is nonetheless capable of increasing the efTiciency 
of altering a DNA sequence by homologous recombination, gene repair mechanisms or 
oligonucleotide-mediated nucleic acid sequence alteration. Such altered versions of beta 
protein include but are not limited to fusions of beta protein with other proteins or peptides, 
or other macromolecules; fragments of beta protein; and beta protein containing changes in 

25 its primary amino acid sequence. As will be appreciated by the skilled artisan, because of 
the degeneracy of the genetic code, many different gene sequences can encode beta 
protein. Thus, according to the knowledge of the skilled artisan, one or more synthetic 
genes can be created that encode for beta protein but which contain codons prefened by 
the cell in which the gene is to be expressed, which codons are different from those found in 

30 the native beta gene. 

[0122] According to an embodiment of the methods of the present invention, beta protein 
is introduced into cells containing a target DNA sequence, the sequence of which is desired 
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to be altered, so as to increase the efficiency of targeted gene repair by taigeted nucleic 
acid sequence altering oligonucleotides also present in ceils. Although not wishing to be 
bound by theory, it is believed that beta protein increases the efficiency of altering the 
ta^eted DNA sequence in such cells by participating in a targeted gene repair mechanism 
and not by a homologous recombination mechanism. The DNA sequence desirably altered 
using the methods of the present invention can be contained within a natural chremosome 
of a cell, or reside in an extrachromosomal element, including but not limited to a DNA 
fragment, a plasmid. a phagemid. a ^nrB\ genome, a prekaryoflc genome, a bacterial artifidal 
chromosome, a yeast artificial chromosome, or a human artificial chromosome. 

101231 Beta protein can increase the efficiency of oligonucleotide-directed targeted 
sequence alteration of DNA as much as 2 fold. 5 fold. 10 fold, 15 fold. 20 fold. 25 fold 30 
fold, 40 fold. 50 fold, 60 fold. 70 fold. 80 fold, 90 fold, 100 fold. 250 fold. 500 fold. 1000 fold 
or more, as compared to the same method lacking beta protein, or as little as 500 fold 250 
fold. 100 fold, 90 fold. 80 fold. 70 fold. 60 fold. 50 fold, 40 fold. 30 fold. 25 fokJ, 20 fold ' 15 
15 fold. 10 fold, 5 fold. 2 fold. 1.5 fold, or less. 

[0124J Beta protein can be used to increase the efficiency of altering a DNA sequence 
using targeted nucleic acid sequence altering oligonucleotides in a variety of ceil types 
including, but not limited to prokaryotic cells, including bacterial cells; as well as eukar^otic 
cells, including yeast and other fungal cells; plant ceils, including dicotyledonous and 
10 monocotyledonous plant cells; and animal cells, including Invertebrate cells, including insect 
cells; and vertebrate cells, including mammalian cells. Including human and non-human 
mammals. 

[0125] A variety of methods known to the skilled arBsan are available for introducing beta 
protein into cells such that the protein can effect an Increase in efficiency of altering a DNA 
sequence by gene repair mechanisms. Beta pmtein can be introduced into ceils direcUy as 
protein, or indirectly by introducing into cells a beta protein expression construct that 
encodes for beta protein when acted upon by the cell's transcriptional and transiational 
machinery. Such a constmct can be in the form of pretranscribed mRNA. or in the fonn of a 
DNA expression vector capable of being transcribed. 

[0126] Protein specific techniques for introducing beta protein into cells include but are not 
limited to the Chariot™ protein transfection reagent available from Active Motif. Inc. 
(Carlsbad, CA); chemical coupling between beta protein and penetralin 1 , a fragment of the 
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Drosophila Antennapedia protein; protein fusion between beta protein and HIV-1 TAT 
protein or ttie herpes simplex vlrus-1 protein VP22. 

[0127] Other metliods are applicable both for introducing beta protein and nucleic acids 
encoding beta protein into cells. Such methods include but are not limited to microinjection; 
5 electroporation; transfection using chemical reagents, such as charged lipophilic molecules, 
e.g., lipofectin, lipofectamine; biolistic transfection; calcium phosphate coprecipitation; and 
fusion of liposomes, including cationic liposomes, with the cell membrane of cells 

[0128] Yet other methods are principally suited for introducing a nucleic acid encoding 
beta protein into cells, including use of viral vectors capable of Infecting cells. 

10 [0129] Typically, if a vector is to be used for expression of beta protein, coding sequence 
for beta protein is cloned, using techniques well known in the art, into an appropriate vector 
chosen by the skilled artisan. Cells containing a beta protein vector are known as a host 
cells. Host cells can either be used to produce beta protein for subsequent purification 
using techniques well known in the art, or alternatively, a host cell can be the cell in which 

1 5 beta protein is expressed for the purpose of increasing the efficiency of oligonucleotide 
mediated sequence alteration. 

[0130] Although not wishing to be bound by theory, it is believed that varying the amount 
of beta protein introduced, directly or indirectly, into a cell will affect the extent to which the 
efficiency of DNA sequence alteration can be modulated. If beta protein is introduced 

20 directly into cells, the dose can be controlled by varying the amount of beta protein. The 
amount of beta protein produced from a vector contained in a host cell can also be varied 
according to methods known to the skilled artisan. Such methods include varying the 
number of beta protein coding sequences present on each vector molecule; varying the 
average number of vector molecules contained in each cell; varying the strength of 

25 transcriptional and translational control elements present on the vector; varying the stability 
of mRNA produced from vectors; varying the strength or extent of the environmental 
variable that is capable of inducing beta protein expression via one or more inducible 
transcriptional control elements. Other methods for controlling the amount of beta protein 
introduced directly or indirectly into a cell are within the knowledge of the skilled artisan. 

30 [0131] The average amount of beta protein introduced per cell can vary from 1 x 1 0-^^ 
grams, 1 x IQ-^s grams, 1 x lO-i^ grams. 1 x 10-^6 grams, 1 x IQ-is grams, 1 x lO-^^ grams. 1 
X 10-'»3 grams, 1 x 10-^2 grams., 1 x 10-ii grams. 1 x 10-^o grams, 1 x 10-^ grams, 1 x 10-8 
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[0135] Where present, the origin of replication and selectable markers are chosen based 
upon the desired host cell or host cells; the host ceils, In turn, are selected based upon the 
desired application. 

[0136] In the case of prokaryotic cells, typically E co//, vector replication is predicated on 
5 the replication strategies of coliform-infecting phage — such as phage lambda, M1 3, T7, T3 
and PI — or on the replication origin of autonomously replicating episomes, notably the 
C0IEI plasmid and later derivatives, including pBR322 and the pUC series plasmids. 
Where E coli is used as host, selectable markers are, analogously, chosen for selectivity in 
Gram negative bacteria: e.g., typical mari<ers confer resistance to antibiotics, such as 
10 ampicillin, tetracycline, chloramphenicol, kanamycin, streptomycin, zeocin; auxotrophic 
maricers can also be used. 

[01 37] In the case of yeast cells, typically S. cemisiae, vectors of the present invention 
for use in yeast will typically, but not Invariably, contain an origin of replication suitable for 
use in yeast and a selectable mari<er that is functional in yeast. 

15 [0138] Integrative Yip vectors do not replicate autonomously, but integrate, typically in 
single copy, into the yeast genome at low frequencies and thus replicate as part of the host 
cell chromosome; these vectors lack an origin of replication that is functional in yeast, 
although they typically have at least one origin of replication suitable for propagation of the 
vector in bacterial cells. YEp vectors, in contrast, replicate episomally and autonomously 

20 due to presence of the yeast 2 micron plasmid origin (2 pm ori). The YCp yeast centromere 
plasmid vectors are autonomously replicating vectors containing centromere sequences, 
CEN, and autonomously replicating sequences, ARS; the ARS sequences are believed to 
conrespond to the natural replication origins of yeast chromosomes. YACs are based on 
yeast linear plasmids, denoted YLp, containing homologous or heterologous DNA 

25 sequences that function as telomeres (TEL) in vivo, as well as containing yeast ARS 
(origins of replication) and CEN (centromeres) segments. 

[01 39] Selectable maricers in yeast vectors include a variety of auxotrophic maricers, the 
most common of which are (in Saccharomyces cerevisiae) URA3, HISS, LEU2, TRP1 and 
LYS2, which complement specific auxotrophic mutations, such as ura3-52, his3-D1, 
30 Ieu2-D1 , trp1-D1 and Iys2-201 . The URA3 and LYS2 yeast genes further pennit negative 
selection based on specific inhibitors, 5-fluoro-orotic acid (FOA) and a-aminoadipic acid 
(oAA), respectively, that prevent growth of the prototrophic strains but allows growth of the 
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ura3 and lys2 mutants, respectively. Other selectable markers confer resistance to eg 
zeocin ' 



15 



101401 'nthecaseofinsectcellswherethehostcellsarefromSpoc/opfe/afn/g^arda- 
e.g., Sf9 and Sf21 cell lines, and expresSF™ cells (Protein Sciences Corp.. Meriden CT 
5 USA) - the vector replicative strategy is typically based upon the baculovirus life cyde ' 
Typically, baculo^rus transfer vectors are used to replace the v.1d.typeAcMN^ 
genev^-thabetaproteincoding sequence, Sequences that flank the polyhedrin gene in the 
««ld-type genome are positioned 5' and 3' of the expression cassette on the transfer 
vectors^ Follo««ng cotransfecfcn with AcMNPV DNA, a homologous recombination event 

10 ^^'^'^tweenthesesequencesresultinginarecombinantviruscarryingthebetaprot^^^^ 
coding sequence and the polyhedrin or p10 promoter. Selection can be based upon ^sual 
screening for lacZ fusion activity. 

[0141] In the case of mammalian cells, vectors intended for autonomous 

extrachromosomalreplfcation will typically indudea^-ral origin, such as th^ 
replication in cell lines expressing the large T^tigen. such as C0S1 and C0S7 cells) ti,e 

papiW^^^^ 

293-EBISW cells, which constitutively express the EBV EBNA-1 gene product and 
adenovirus E1 A). Vectors intended for integration, and ttius replicatton as part of the 
mammalian chromosome, can. but need not. include an origin of replication functional in 
mammalian cells, such as tiie SV40 origin. Vectors based upon viruses, such as 
adeno.ms.adeno-associated virus, vaccinia .-ru^^ 
will typically replicate according to the viral replfcative strategy. 

[0M2] Selectable mariners for use in mammali^^ 

^Q418).blasticklin.hygromycinandtozeocin.andselectionbaseduponthepurinesal^^^^ 
25 patfiway using HAT medium. 

[0143J '"thecaseofplantcells.thevectorrepliconistypicallyderivedfromaplanlvirus 
(e.g.. cauliflower mosaic virus, CaMV; tobacco mosaic vims. TMV) and selectable maricers 
chosen for suitability in plants. 

[0144J TheinventionfurttierprDvidesartiffcialchrt)mo8omes-BACs,BiBACs YACs 
PACs. and HACs - for use as vectors that comprise beta protein coding sequence. 

[0145] TheBACsystemlsbasedonthewelkharacterized£co//F-factor alowcopy 
plasmrd that exists in a supercoiled circular Ibm, In host cells, The stmctural features of tt,e 
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F-factor allow stable maintenance of individual human DNA clones as well as easy 
manipulation of the cloned DNA. See Shizuya et al., Keio J. Med. 50(1):26-30 (2001); 
Shizuya et al., Proc. Natl. Acad. Sci. USA 89(18):8794-7 (1992). 

[0146] YACs are based on yeast linear plasmids, denoted YLp, containing homologous or 
5 heterologous DNA sequences that function as telomeres (TEL) in vivo, as well as containing 
yeast ARB (origins of replication) and CEN (centromeres) segments. 

[0147] HACs are human artificial chromosomes. Kuroiwa et al.. Nature Biolechnol. 
18(10):1086-90 (2000); Henning et al., Proc. Natl. Acad. Sci. USA 96(2):592.7 (1999); 
Hanington et a!., Nature Genet. 15(4):345-55 (1997). In one version, long synthetic arrays 
10 of alpha satellite DNA are combined with telomeric DNA and genomic DNA to generate 
linear microchromosomes that are mitotically and cytogenetically stable in the absence of 
selection. 

[0148] PACs are P1-derived artificial chromosomes. Stemberg, Proc. Natl. Acad. Sci. 
USA 87(1):103-7 (1990); Stemberg et al.. New Biol. 2(2):151-62 (1990); Pierce et al., Proc. 
15 Natl Acad. Sci. USA 89(6):2056-60 (1992). 

[0149] Vectors of the present invention will also often include elements that pemiit in vitro 
transcription of RNA from the inserted heterologous nucleic acid. Such vectors typically 
include a phage promoter, such as that from T7. T3, or SP6, flanking the nucleic add insert. 
Often two different such promoters flank the inserted nucleic acid, permitting separate in 
20 vitro production of both sense and antisense strands. 

[0150] Expression vectors of the present invention — that Is, those vectors that will drive 
expression of the beta protein coding sequence — will often include a variety of other 
genetic elements operatively linked to the coding sequence, typically genetic elements that 
drive transcription, such as promoters and enhancer elements, those that facilitate RNA 
25 processing, such as transcription termination and/or polyadenylation signals, and those that 
facilitate translation, such as ribosomal consensus sequences. 

[0151] For example, vectors for expressing proteins of the present invention in prokaryotic 
cells, typically E. coli. will include a promoter, often a phage promoter, such as phage 
lambda pL promoter, the trc promoter, a hybrid derived from the trp and lac promoters, the 
30 bacteriophage T7 promoter (in E. coli cells engineered to express the 17 polymerase), or 
the araSAD operon. Often, such prokaryotic expression vectors will further Include 
transcription tenninators, such as the aspA terminator, and elements that facilitate 
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S<*™rrt al., Pro. Nail. Acffll. Sd. USA 83:85CI6«10 (1986). 

P»!«l AS anolhe, exampte, yecl«s lb, expnesslnj l»lelns of Ihe ^„ hvention In 
yeast calb, typically S. cm^, ^ , ^ ^ 

signals fom ll» CY01 or ADH1 gene. 

IP153) AS another exampte, vectors lor e«pressNl beta praleto, coding ,e<,„ence in 

10 Often dra*, .a.n,a,la„ vi.ses-«has *eenhancer-pn«e, sauces fron, 
the ™ed,ate earty gene o, the l,»,an cytomegatovhis (CMV), the enhancer-p^noter 
sequences tan the l^ous san^oma vte long tenninal »peat (RSV LTR) and the 
anhancer.pro™oterf™sV40. Often, exp^nfeenhanced by inco,p«*„rf 
polya^enylatlon sites, ^ch as the late SV40 polyadeny*n s«e «d fte p*«len„a««, 

II of rabbit 3.globin gene and the SV40 splice elennnts. 

10(541 Vector.<lrt.enp,«el„exp,essioncanbecons«*eorind«Sble. 
101551 Inducible »cto« include a'ther naturally inducibte pramoters, such as the lic 

P™*,.*fch«,,gulaledby«»lacope™n,and*epLpr™ote,,*chte^u,aW 
*o^n, MMTV-LTK propter, is ,„d„«. by dexa.e*aso„e, or can cent 'n 

syn**p,on,o,e«^d*,ad*Weta«a„„3,conferl^uc*cont™,c.adiacen, 

ta™fetalteR.p™c*erofphagela«,Ma,but^aoes*elambdarep^,s«eswift 
^c^^ofopera,or2cf^Tn10.e^ine.sfet.ceop^,c«.lngth.p™ot. 

(ic) and Tc denresves such as anhydrotetracydine. 

30 ^S^*"^responseele.ent,GRH,and*eesbog.,esp»seetanent(ERE,,ca, 
confer ho™™ inducMtywhe^vecBrs^usedfere^ston^callshaA^te 
^specyeho^nerscepto^. To,sdu«hac^™„dle«%ofe„«slon,eten«„ts 
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responsive to ecdyspne, an insect honnone, can be used instead, with coexpression of the 
ecdysone receptor. 

[01 571 Expression vectors can be designed to fuse the expressed beta protein to small 
protein tags that facilitate purification and/or visualization. 

5 [0158] For example, beta protein can be expressed with a polyhistidine tag that facilitates 
purification of the fusion protein by immobilized metal affinity chromatography, for example 
using NiNTA resin (Qiagen® Inc.. Valencia, CA, USA) or TALON® resin (cobalt immobilized 
affinity chromatography medium, Clontech Labs, Palo Alto. CA, USA). As another example, 
the beta fusion protein can include a chitin-binding tag and self-excising intein, pemnitting 

10 chitin-based purification with self-removal of the fused tag (IMPACT™ system, New England 
Biolabs, Inc., Beverley, MA, USA). Altematively, the beta fusion protein can include a 
calmodulin-binding peptide tag, pemiitting purification by calmodulin affinity resin 
(Stratagene, La Jolla, CA, USA), or a specifically excisable fragment of the biotin 
carboxylase carrier protein, pemnitting purification of in vivo biotinylated protein using an 

15 avidin resin and subsequent tag removal (Promega, Madison, Wl, USA). As another useful 
alternative, beta protein can be expressed as a fusion to glutathione-S-transferase, the 
affinity and specificity of binding to glutathione pemnitting purification using glutathione 
affinity resins, such as Glutathione-Superflow Resin (Clontech Laboratories, Palo Alto. CA, 
USA), with subsequent elution with free glutathione. 

20 [01 59] Other tags include, for example, the Xpress™ epitope, detectable by anti-Xpress 
antibody (Invitrogen, Carisbad, CA, USA), a myc tag, detectable by anti-myctag antibody, 
the V5 epitope, detectable by antl-V5 antibody (Invitrogen, Carisbad, CA, USA), FLAG® 
epitope, detectable by anti-FLAG® antibody (Stratagene, La Jolla, CA, USA), and the HA 
epitope. 

25 [0160] For secretion of expressed beta protein, vectors can include appropriate 
sequences that encode secretion signals, such as leader peptides. For example, the 
pSecTag2 vectors (Invitrogen, Carisbad, CA, USA) are 5.2 kb mammalian expression 
vectors that carry the secretion signal from the V-J2-C region of the mouse Ig kappa-chain 
for efficient secretion of beta proteins from a variety of mammalian cell lines. 

30 [01611 For long-term, high-yield recombinant production of beta protein, beta protein 
fusions, and beta protein fragments of the present invention, stable expression is 
particulariy useful. 
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[0162] Stable expression is readily achieved by integration Into the host cell genome of 
vectors having selectable markers, followed by selection for integrants. 

[01631 For example, the pUB6/V5-His A, B, and C vectors (Invitrogen, Carisbad, CA, 
USA) are designed for high-level stable expression of heterologous proteins in a wide range 
of mammalian tissue types and cell lines. pUB6/V5-His uses the promoter/enhancer 
sequence from the human ubiquitin C gene to drive expression of recombinant proteins: 
expression levels in 293, CHO, and NIH3T3 cells are comparable to levels from the CMV 
and human EF-1a promoters. The bsd gene permits rapid selection of stably transfected 
mammalian cells with the potent antibiotic blasticidin. 

[01 64] Replication incompetent retroviral vectors, typically derived from Moloney murine 
leukemia virus, prove particularly useful for creating stable transfectants having integrated 
provirus. The highly efficient transduction machinery of retroviruses, coupled with the 
availability of a variety of packaging cell lines - such as RetroPack™ PT 67, EcoPack2™- 
293, AmphoPack™-293, GP2-293 cell lines (all available from Clontech Laboratories. Pato 
Alto, CA, USA) — allow a wide host range to be infected with high efficiency; varying the 
multiplicity of infection readily adjusts the copy number of the integrated provirus. Retroviral 
vectors are available with a variety of selectable markers, such as resistance to neomycin, 
hygramycin, and puromycin, penmitfing ready selectton of stable integrants. 

[0165] The present invention further includes host cells comprising the beta expression 
vectore of the present invention, either present episomally within the cell or integrated, in 
whole or in part, into the host cell chromosome. 

[0166] Among other considerations, some of which are described above, a host cell strain 
may be chosen for its ability to process the expressed beta protein in the desired fashion. 
Such post-translational modifications of the polypeptide include, but are not limited to, 
acetylatfon, carboxylation, glycosylation, phosphorylation, lipidation, and acylation, and it is 
an aspect of the present invention to provide beta proteins with such post-translational 
modifications. 

10167] As noted earlier, host cells can be prokaryotic or eukaryotic. Representative 
examples of appropriate host cells include, but are not limited to, bacterial cells, such as £ 
co/f, Cautobactercrescentus, Streptomyces species, and Salmonella typhimurium; yeast 
cells, such as Saccharomyces cemisiae, Schizosaccharomyces pombe, Pichia pastoris, 
Pichia methanolica; insect cell lines, such as those from Spodoptera fnigiperda — e.g., Sf9 
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and Sf21 cell lines, and expresSF™ cells (Protein Sciences Corp., Meriden, CT, USA) — 
Drosophlla S2 cells, and Trichoplusia ni High Five® Cells (Invitrogen, Carisbad, CA, USA); 
and mammalian cells. Typical mammalian cells include C0S1 and C0S7 cells, Chinese 
hamster ovary (CHO) cells, NIH 3T3 cells, 293 cells, HEPG2 cells, HeLa cells, L cells, 
5 murine ES cell lines (e.g., from strains 129/SV, C57/BL6, DBA-1, 129/SVJ), K562, Jur1<at 
cells, and BW5147. Other mammalian cell lines are well known and readily available from 
the American Type Culture Collection (ATCC) (Manassas, VA, USA) and the National 
Institute of General medical Sciences (NIGMS) Human Genetic Cell Repository at the 
Coriell Cell Repositories (Camden, NJ. USA). 

10 [0168] Methods for introducing the vectors and nucleic acids of the present invention into 
the host cells are well knovm In the art; the choice of technique will depend primarily upon 
the specific vector to be introduced and the host cell chosen. 

[01 69] For example, phage lambda vectors will typically be packaged using a packaging 
extract (e.g., Gigapack® packaging extract, Stratagene, La Jolla, CA, USA), and the 
15 packaged vims used to infect £ coli. Plasmid vectors will typically be introduced into 
chemically competent or electrocompetent bacterial cells, 

[0170] E. coli cells can be rendered chemically competent by treatment, e.g., with CaClz, 
or a solutfon of Mg2*, Mn2+, Ca^*, Rb*or K*. dimethyl sulfoxide, dithiothreitol, and hexamine 
cobalt (III), Hanahan, J. Mol. Biol. 166(4):557-80 (1983), and vectors introduced by heat 
20 shock. A wide variety of chemically competent strains are also available commercially (e.g., 
Epicurian ColKg) XLIO-Gold® Ultracompetent Cells (Stratogene, La Jolla, CA, USA); DH5a 
competent cells (Ctontech Laboratories, Palo Alto, CA, USA); TOP10 Chemfcally 
Competent £ co//Kit (Invitrogen, Carlsbad. CA, USA)). 

[0171] Bacterial cells can be rendered electrocompetent — that fe, competent to take up 
25 exogenous DNA by electroporation — by various pre-pulse treatments; vectors are 
intrxxiuced by electroporation followed by subsequent outgrowth in selected media. An 
extensive series of protocols is provided online in "Electroprotocols Online: Collection of 
Protocols for Gene Transfer" (BioRad, Richmond, CA, USA) (available at the BioRad web 
site). 

30 [0172] Vectors can be introduced into yeast cells by spheroplasting, treatment with lithium 
salts, electroporation, or protoplast fusion. 
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[0173] Spheroplasts are prepared by the action of hydrolytic enzymes - a snaH-gut 
extract, usually denoted Glusulase. or Zymolyase. an enzyme from Arthmbacter luteus ~ to 
remove portions of the cell wall in the presence of osmotic stabilizers, typically 1 M sorbitol. 
DNA is added to the spheroplasts. and the mixture is co-precipitated with a solution of 
polyethylene glycol (PEG) and Ca^*. Subsequently, the cells are resuspended in a solution 
of sorbitol, mixed with molten agar and then layered on the surface of a selective plate 
containing sorbitol. For lithium-mediated transfbmiation, yeast cells are treated with lithium 
acetate, wfiich apparently pemteabillzes the cell wall, DNA is added and the cells are 
co-precipitated with PEG. TTie cells are exposed to a brief heat shock, washed free of PEG 
and lithium acetate, and subsequently spread on plates containing ortinary selective 
medium. Increased frequencies of transfomiation are obtained by using specially-prepared 
single-stranded earner DNA and certain organic solvents. SchiestI et al., Curr. Genet. 
16(5-6):339-46 (1989). For electroporation, freshly-grown yeast cultures are typically 
washed, suspended in an osmotic protectant, such as sorbitol, mixed with DNA, and the 
cell suspension pulsed In an electroporation device. Subsequently, the cells are spread on 
the surface of plates containing selective media. Becker et al., Methods Enzymol. 
194:182-7 (1991). The efficiency of transfbmiation by electroporatfon can be increased 
over 100-fold by using PEG. single-stranded carrier DNA and cells that are in late log-phase 
of growth. Larger constructs, such as YACs. can be introduced by protoplast fusion. 

[01741 Mammalian and insect cells can be directly infected by packaged viral vectors, or 
transfected by chemical or electrical means. 

[0175] For chemical transfection. DNA can be copreclpitated with CaP04 or Introduced 
using liposomal and nonliposomal llpW-based agents. Commeroial kits are available for 
CaP04 transfection (CalPhos™ Mammalian Transfection Kit. Clontech Laboratories. Palo 
Alto. CA. USA), and lipid^nediated transfection can be practiced using commercial ' 
reagents, such as LIPOFECTAMINE™ 2000, LIPOFECTAMINE Reagent, CELLFECTIN® 
Reagent, and LIPOFECTIN® Reagent (Invitrogen, Carlsbad, CA. USA), DOTAP Liposomal 
Translection Reagent, FuGENE™ 6, X-tremeGENE Q2. DOSPER. (Roche Molecular 
Biochemicals, Indianapolis, IN USA). Effectene™, PolyFect®. Superfect® (QIagen. Inc.. 
Valencia. CA, USA). Protocols for electroporating mammalian cells can be found online In 
"Electroprotocols Online: Collection of Protocols for Gene Transfer" (Bio-Rad. Richmond. 
CA. USA) (available at the BioRad web site). 
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[0176] See also, Norton et al. (eds.). Gene Transfer Methods: Introducing DNA into Living 
Cells and Organisms, BioTechniques Books, Eaton Publishing Co. (2000) (ISBN 
1-881299-34-1), incorporated herein by reference in its entirety, 

[0177] Other transfection techniques include transfection by particle embardment. See, 
5 e.g., Cheng et al., Proc. Natl. Acad. Sci. USA 90(10):4455-9 (1993); Yang et aL, PfX)c. Natl. 
Acad. Sci. USA 87(24):9568-72 (1990). 

[0178] Beta protein can be produced according to a variety of techniques well known in 
the art. Examples include but are not limited to in vitro translation from an appropriate gene 
construct , as well as production from in vivo host cell expression systems, including 
10 bacterial cells (e.g., £ co//, etc.), yeast cells (e.g., S. cerevisiae, etc.), insect cells (e.g., Sf9, 
etc.), or mammalian cells (e.g., HeLa, COS, CV1, L929, NIH3T3, CHO, etc.) where the 
bacterial, yeast, insect or mammalian cells contain a suitable beta protein expression 
vector. Typically, the beta protein produced from the expression systems is purified, using 
techniques familiar to the skilled artisan. 

1 5 [01 79] Beta protein and sequence-altering oligonucleotides of the present invention may 
be introduced into cells together or separately, according to the needs of the skilled artisan. 
For example, beta protein and vectors may mixed together in ratios determined by the 
skilled artisan and then introduced simultaneously into cells, e.g., with a transfection reagent 
or by electroporation, etc. In other embodiments of the methods of the present invention, 

20 beta protein is introduced into cells first, followed at some interval determined by the skilled 
artisan by the sequence altering oligonucleotides. Alternatively, the sequence-altering 
oligonucleotides may be introduced before the beta protein. If the beta protein is introduced 
into the cells by expression from an inducible beta protein gene expression construct 
residing in the cells, then beta protein expression can be induced before or after introduction 

25 of the oligonucleotides. Typically, beta protein expression is induced before introducing 
sequence altering oligonucleotides. 

[0180] When it is desirable to express beta protein from a gene, the gene may reside as 
an episomal element within a cell, or may be integrated Into a cell's chromosome. One or 
multiple copies of a gene for expressing beta protein may be present in either case. 
30 Techniques for constructing a beta protein expression construct suitable for purposes of the 
present invention are within the knowledge of the skilled artisan, as are techniques for 
preserving the episomal construct within growing cells, and causing a construct to be 
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integrated into a cellular chromosome. Constructs will often contain a promoter, either 
constitutive or inducible, as well as enhancer elements to stimulate transcnption of the beta 
protein into mRNA. Promoter and enhancer elements can be derived from the same or a 
different organism as the cell into which the construct Is intended to be placed. As an 
alternative, the construct can lack transcription conttji elements, in which case the construct 
IS often inserted, according to the knowledge of the skilled artisan, in proximity to native 
cellular transcription control elements which stimulate transcription of the beta protein gene 
Episomal constructs will often additfonally contain an origin of replfcaflon. altowing the 
constmct to be replicated when the cell divides. Episomal constructs and constmcts for 
which inserhon into the chromosome is intended often additfonally contain one or more 
selection markers such that cells containing the construct can be setected for parficular 
growth characlBristi-cs. according to the knowledge of the skilled artisan. The expressfon 
construct can additionally include translafion control regions that increase the efficiency of 
nbosomal translation (e.g.. Kozak sequence), and stabilize the beta protein mRNA For 
expression in eukaryotte cells, the beta protein gene can include a nuclear localizatfon 
signal, such that the protein can be actively imported into the nucleus of the cell. 

[01811 Theexampleshereinbelowfurtherdemonstratecompositions, assaysystems and 
methods to optimize the concentration of beta protein to use to achieve enhanced nucleic 
acid sequence alteration efficiency for an oligonucleotide that introduces a desired target 
nucleic acid sequence alteration, including, for example, an insertion, deletion, or 
replacement alteration as described herein as well as oligonucleotides that introduce 
multiple nucleic acid sequence atterations. One of skill in the art could readily modtfy one of 
these systems to assay correction of any target to optimize the concentration of beta protein 
for introduction of desired nucleic acid sequence alterations using the teachings of this 
25 application. 

[0182] In a second aspect the present invention provides compositions to enhance the 
efficiency of oligonucleotide^T^edlated nucleic acid sequence alteration. 
[0183J In one embodiment, the composition comprises at least one sequence-altering 
oligonucleotkJe - such as a chimeric oligonucleotide, a bifunctional oligonucleotide, or a 
30 single-stranded, chemically modified oligonucleotkJe - and an HDAC inhibitor, such as 
trichostatin A. In another embodiment, the composition comprises at least one sequence- 
altering oligonucleotide and beta protein. 
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10184] The compositions of the present invention may be fomiulated as phannaceutical 
compositions adapted for ex vivo or in vivo use, such as for bathing ceils in culture, for 
microinjection Into cells In culture, or for intravenous administration to human things or 
animals. Typically, compositions for cellular administration or for intravenous administration 
5 into animals, including humans, are solutions in sterile isotonic aqueous buffer. Where 
necessary, the composition may also include a soiubilizing agent and a local anesthetic 
such as lignocaine to ease pain at the site of the injection. Generally, the ingredients will be 
supplied either separately or mixed together in unit dosage form, for example, as a dry, 
lyophilized powder or water-free concentrate. The composition may be stored in a 

10 hemietically sealed container such as an ampute or sachette Indicating the quantity of 
active agent in activity units. Where the composition is administered by infusion. It can be 
dispensed with an infusion bottte containing sterile phannaceutical grade "water for 
injection" or saline. Where the composition is to be administered by injection, an ampute of 
sterile water for Injection or saline may be provided so that the ingredients may be mixed 

1 5 prior to administration. Phannaceutical compositions of this invention comprise a 

sequence-altering oiigonucleotide, any one or more of an HDAC inhibitor, bete protein, or 
HU and pharmaceutlcaliy acceptable salts thereof, and any pharmaceuticaliy acceptabte 
ingredient, excipient, earner, adjuvant or vehide. 

[0185] The phanmaceufical compositions of the present invention adapted for in vivo use 
20 are preferably administered to the subject in the fomi of an injectebte composition. The 
composition Is preferably administered parenterally, meaning intravenously, intraarterially, 
intrathecaily, interetiBaiiy or intracavitarilly. Pharmaceutical compositions of this invention 
can be administered to mammals including humans in a manner simflar to other diagnostic 
or therapeutic agents. The dosage to be administered, and the mode of administration will 
25 depend on a variety of factors including age, weight, sex, condition of the subject and 
genetic factors, and will ultimately be decided by medical pereonnei subsequent to 
experimental determinations of varying dosage as described herein. In general, dosage 
required for correction and therapeutic efficacy will range from about 0.001 to 50.000 Mg/I(g, 
preferably between 1 to 250 |jg/l<g of host cell or body mass, and most preferably at a 
30 concentration of between 30 and 60 micromolar. 

[0186] When administering an HDAC inhibitor or HU to animals, the dosage to be 
administered and the mode of administration will depend on a variety of factors including 
age, weight, sex, condition of the animal and genetic factors, and will ultimately be decided 
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California (2 lines); Goteborg University, Goteborg, Sweden (19 lines); Wisconsin Alumni 
Research Foundation, Madison, Wisconsin (5 lines). 

[0190] In ottier embodiments, the cells for use in the compositions and kits of the 
invention can be yeast or other fungal cells, or cells from a plant, including, for example, 
5 maize, rice, wheat, barley, soybean, cotton, and potato. Other exemplary plants include 
those described elsewhere herein. 

[0191] In yet another aspect, the invention provides kits for targeted sequence alteration. 

[0192] In one embodiment, the kit comprises at least one sequence-altering 
oligonucleotide — such as a chimeric oligonucleotide, a bifunctional oligonucleotide, or a 
1 0 single-stranded , chemically modified oligonucleotide — and one or more separately 
packaged reagents selected from the group consisting of an HDAC inhibitor, such as 
trichostatin A, HU, and beta protein. The kit optionally further includes instructions for use. 

[0193] In one embodiment, the kit includes a nucleic acid encoding beta protein. The 
nucleic acid may be DNA or RNA, such as a beta protein expression vector. The 
1 5 expression vector can be one that resides as an episome within a cell, or altematively one 
that integrates into a cell's chromosome or chromosomes. The expression vector can be 
controlled by an inducible promoter or altematively by a constitutively active promoter. 

[0194] In another embodiment, a kit according to the present invention includes a 
sequence-altering oligonucleotide and a host cell containing a beta protein expression 
20 vector. 

[0195] Kits of the present invention may further advantageously include: means for 
introducing into a cell the sequence-altering oligonucleotide; means for introducing into a 
cell beta protein; means for introducing into a cell a nucleic acid encoding beta protein; 
means for introducing into a cell a beta protein expression constmct; cells into which it is 
25 desired to introduce a sequence altering oligonucleotide and beta protein; and/or 

instructions sufficient to direct a skilled artisan how to practice the methods of the present 
invention. Additional kit components may be provided according to the knowledge and 
needs of the skilled artisan. 

[0196] In a further series of embodiments, the kits of the present invention may 
30 additionally include reagents for appending LNAs to either or both of the 5' and 3* termini of 
oligonucleotides, which oligonucleotides are then suitable for use in the gene repair 
methods of the present invention. 
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[0197] The kits can include the oligonucleotide to be tenninally modified. In such 
embodiments, the sequence of the oligonucleotide will typicafly have been chosen to effect 
a nucleic acid sequence alteration that is frequently desired. More typically, however, the 
kits will not Include such an oligonucleotide. In these latter embodiments, the user will 
provide an oligonucleotide the sequence of which is designed to effect a user-desired 
nucleic acid sequence alteration. In both series of embodiments, the kit can optionally 
include one or more oligonucleotides to serve as controls for the terminal modlflcatfon 
reactions and/or, optionally, for the subsequent nucleic acid sequence alteration process. 
10198] The terminal modification kits of the present invention will include reagents 
sufficient to append at least one monomeric LNA. often sufficient to append two, three, or 
more monomeric LNAs, to either or both of the 3' temiini of an oligonucleotide or the 5' 
tenninus of an oligonucleotide. 

10199] Typically, the reagents will include, as separately packaged compositions. LNA 
monomers having nucleobases that are separately complementary to each of A. G. T, and 
C. pemiitting the user to extend the oligonucleotide at one or both termini without 
introducing bases noncomplementary to the target, ensuring that the resulting 
oligonucleotide is complementary to the target nucleic acid at all posHtons except those 
desired to be modified by the gene repair process. In kits that pemiit modification of both 5' 
and 3- temiini. the LNA monomers intended for the 5- temiinus may differ in chemistry from 
those intended for the 3' temiinus; in such cases, the monomers respectively intended for 5' 
and 3- modification will typically be separately packaged from one another. 

10200] Kit embodiments that pemiit 3' temiinal modification will typically include a 
template-independent single-strand polymerase, such as calf thymus terminal 
deoxynucleotklyl transferase, and LNA monomers that have 5"-triphosphates. Calf thymus 
temiinal deoxynucleotidyl transferase catalyzes the non-specific, template-independent 
polymerizatton of nucleoside triphosphates to the 3' temiinus of single-stranded DNA. 
Sambrook. J. and Russell, D.W. (2001) Molecular Cloning: A Laboratory Manual 3rd 
Edition. CoW Spring Harbor Laboratory Press. Cold Spring Harbor, NY, pp. 9.60-9.61 . If 2', 
3'-dideoxynucleoside triphosphates are used in the polymerization reaction, a single 
30 nucleotide is added to the 3' terminus of the oligonucleotide. Thus, the kit can usefully 
include such dideoxy LNA monomers, either to the exclusion of, or typically in addition to, 
LNA monomers that pemiit further polymerization. 
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[0201] The kits of these embodiments can optionally Include a reaction buffer and 
instructions for performing the enzymatic reaction. Optionally, the kits can Include means 
for terminating the reaction, such as a stop buffer composition, and means for removing 
reactants to prepare the oligonucleotide for further modification or for use in the nucleic acid 
5 sequence alteration methods of the present invention, such as a size-selecting spin column. 

[0202] 5* modification is readily performed on an oligonucleotide that presents a 5' 
phosphate. Thus, kits intended for 5' modification can usefully include a kinase, such as 
bacteriophage T4 polynucleotide kinase, and adenosine triphosphate, thus permitting an 
oligonucleotide that presents a 5' hydroxyl group to be phosphorylated. Sambrook, J. and 
10 Russell, D.W. (2001) Molecular Cloning: A Laboratory Manual 3rd Edition, Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor. NY. pp. 9.66-9.69. 

[0203] Because such reagents are commonly found in molecular biology laboratories, and 
because oligonucleotides can be ordered from commercial vendors or core facilities already 
possessing a 5' phosphate, in other embodiments the kits of the present invention will not 
1 5 include a kinase and ATP. 

[0204] The 5'-phosphorylated oligonucleotide is then activated using a water-soluble 
carbodiimide in the presence of imidazole to form the 5'-phosphorimidazolide. Chu et al. 
(1963) Nucleic Acids. Res. 11(18) 6513-6529. The kit will thus typically include, as two 
separate compositions, a water soluble carbodiimide, such as 1-ethyl-3,3- 
20 dimethylaminopropylcarbodiimide, and an imidazole, to be combined with the 5 - 
phosphorylated oligonucleotide at the time of reaction. 

[0205] The 5 -phosphorimidazolide oligonucleotide can then further be reacted with an 
LNA monomer having a nucleophilic group, such as an amine, causing extension of the 
oligonucleotide with the LNA monomer at its 5' temilnus. Kits employing this chemistry for 
25 5' modification will thus typically further include such nucleophilic LNA monomer, such as 
amino-LNA monomers. 

[0206] In an alternative approach, a terminally unmodified oligonucleotide can be modified 
directly at the 5' terminus using an LNA that is activated for reaction with a 5'-hydroxyl 
group. In such embodiments, activated LNA monomers are provided in the kit. 

30 [0207] An example of such an activated forni of an LNA monomer is an LNA 
phosphoramidite. LNA phosphoramidites can be reacted with the 5* temilnus of an 
oligonucleotide that is "protected" at all the nucleobases. Such oligonucleotides can be 
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obtained using standard solid phase synthesis techniques, by cleaving the oligonucleotide 
from the synthesis support without deprotecting the nucieobases. Such oligonucleotides 
can readily be so ordered from commercial vendors or core facilities. 

[0208] Following the reaction of the oligonucleotide with the activated, such as 
5 phosphoramidite, LNA monomer, the extended oligonucleotide is oxidized and deprotected 
prior to use in the gene repair methods of the present invention. 
[0209] In yet other embodiments of the kits of this aspect of the invention, LNA monomers 
are provided that have protecting groups to prevent undesirable side reactions, permitting 
additional chemistries to be used. Appropriate protecting groups for these purposes are 
1 0 well known in the art. See, for example. Protocols for Oligonucleotides and Analogs: 

Synthesis and Properties, vol 20, (Agrawal, ed.), Humana Press, 1993; Totowa et al. (1993) 
Tetrahedron 49, 6123; Beaucage and Iyer (1992) Tetrahedron 48, 2223; and Uhlmann and 
Peyman (1990) Chem. Rev. 90, 543. Removal of these protecting groups prior to further 
modification of the LNA-modified oligonucleotide or use of the LNA-modified oligonucleotide 
15 in gene repair may be a necessary additional step as well, and reagents for effecting such 
removal can be included in such kits or provided by the user. 
[0210] In another series of embodiments, the kits of the present invention further comprise 
a cell or cell-free extract, one or more reagents selected from the group consisting of HDAC 
inhibitor, beta protein, and HU, and optionally a sequence-altering oligonucleotide and/or 
20 instructions for use. 

[0211] The cell or cell-free extract for the kit of the invention may be derived from any 
organism and may be directly supplemented with a protein or preparation from the same 
organism or from a different organism. Such a protein may, for example, be from the 
RAD52 epistasis group, the mismatch repair group, or the nucleotide excision repair group. 
25 In a particulariy useful embodiment, the cell or cell-free extract is or is derived from a 
eukaryotic cell or tissue, in particular, a yeast cell. In alternative embodiments, the kits 
Include, packaged from the cell or cell-free extract, at least one protein from the RAD52 
epistasis group, the mismatch repair group, or the nucleotide exciston repair group and an 
HDAC inhibitor, beta protein, or HU. 
30 [0212] In another aspect, the invention provides an assay to klentify additional chemical 
compounds that Increase the efficiency of oligonucleotlde-mediated nucleic acid sequence 
alteration. Such assay methods comprise contacting a sample with a chemfcal compound 
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and a sequence altering oligonucleotide in a system known to provide for nucleic acid 
sequence alteration, and measuring wliether the amount of nucleic acid sequence alteration 
is less, more, or the same as in the absence of the chemical compound. Many suitable 
assay systems will be apparent to one of skill in the art, including antibiotic resistance (e.g. 
5 tetracycline, kanamycin or hygromycin), GFP and FIAsH^" systems disclosed herein and in 
international Patent Application published as WO 01/73002. 

(02131 The methods, compositions, and kits of the present invention may be used to alter 
the genomic sequence of a nonhuman cell, from which nonhuman cell an entire nonhuman 
animal or plant is then regenerated. A further aspect of the present invention are the non- 
1 0 human animals and the plants produced thereby. 

[0214] The non-limiting examples set forth herein below further demonstrate methods, 
compositions, kits, and assay systems, to identify other compounds that enhance nucleic 
acid sequence alteration efficiency and to select and optimize the concentration required to 
achieve enhanced nucleic acid sequence alteration efficiency by an oligonucleotide that 
15 introduces one or more desired target nucleic acid sequence alterations. One of skill in the 
art could readily modify one of these systems to assay correction of any desired target to 
optimize the conditions for introduction of desired nucleic acid sequence alterations using 
the teachings set forth herein. 

20 EXAMPLE 1 

DNA REPAIR GENES INFLUENCE THE ABILITY TO DIRECT NUCLEIC ACID 
SEQUENCE ALTERATION IN VITRO 

[0215] In this example, we use chemically modified, nonhairpin, internally undupiexed 
single-stranded oligonucleotides or chimeric double-hairpin oligonucleotides to measure 

25 nucleic acid sequence alteration of episomal target sequences in cell-free extracts from 
cells with increased or decreased expression of DNA repair genes. These target 
sequences encode, for example, a kanamycin resistance gene (pKan8m4021), a 
tetracycline resistance gene, and a fusion between a hygromycin resistance gene and 
eGFP. In each case, the target gene is non-functional due to at least one point mutation in 

30 the coding region. 
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centrifugation at 4° for 30 min. We then wash the pellet with 70% ethanol, resuspend in 50 
pi H2O and store at -20*^. 

[0219] Quantification of nucleic acid sequence alteration. We then electroporate 5 pi of 
plasmid from the resuspension (--100 ng) into 20 pi of DH10B cells in a Cell-Porator 

5 apparatus with settings of 400 V, 300 pF, 4 kCl (Life Technologies). After electroporation, 
we transfer cells to a 14 mi Falcon snap-cap tube with 1 or 2 mi SOC and shake at 37°C for 
1 h. To enhance the final kanamycin resistant colony counts, we amplify plasmids with 
altered sequence by adding kanamycin {50 pg/ml) or 3 ml SOC with 10 pg/ml kanamycin 
and shake the cell suspension for 2 or 3 h more at 37°C. We then directly plate 100 pi 

10 aliquots of undiluted cultures on LB agar plates with 50 |ig/ml kanamycin and 100 pi 

allquots of a 10^ dilution on LB agar plates with 100 }xg/ml amplcillin. Altematively. we first 
centrifuge the cells at 3750xg and resuspend the pellet in 500 pi SOC. We add 200 pi of 
the resuspension (undiluted) to kanamycin (50 pg/ml) agar plates and 200 pi of a 10^ 
dilution to ampiclllin (100 pg/ml) plates. After ovemight 37^C incubation, we count bacterial 

15 colonies using an AccuCount^ 1000 (BioLogics). We measure nucleic acid sequence 
alteration efficiency as the ratio of the kanamycin resistant colonies to the ampiclllin 
resistant colonies conwted for the dilution. 

[0220] Alternatively, we use the following procedure. We transform 5 pi of resuspended 
reaction mixtures (total volume 50 pi) into 20 pi aliquots of electro-competent DH10B 

20 bacteria using a Cell-Porator apparatus (Life Technologies). We allow the mixtures to 
recover in 1 ml SOC at 37°C for 1 hour at which time we add 50 pg/ml kanamycin or 12 
pg/mi tetracycline (for kanamycin or tetracycline plasmids, respectively) and incubate for an 
additional 3 hours. Prior to plating, we pellet the bacteria and resuspend In 200 pi of SOC. 
We plate 1 00 pi aliquots on kanamycin or tetracycline agar plates and 1 00 pi of a 1 0-^ 

25 dilution of the cultures on agar plates containing 1 00 pg/ml of ampiclllin. We detemnine 
colony counts using an AccuCount™ 1000 plate reader (BioLogics). 

[0221] For both plating procedures we generally plate in duplicate or triplicate. Each plate 
contains 200-500 amplcillin resistant colonies or 0-500 tetracycline or kanamycin resistant 
colonies. We then select resistant colonies for plasmid isolation and DNA sequencing using 
30 an ABI Prism kit on an ABI 31 0 capillary sequencer (PE Biosystems), 

[0222] Nucleic acid sequence alteration in cell-free e>irads from yeast We use the 
kanamycin plasmid assay system to test cell-free extracts from the yeast strain LSY678. As 
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shown in Table 1 , we observe that the reaction depends on all reaction components. We 
also generally observe that increasing the amount of oligonucleotide or the amount of 
extract in the reaction increases the relative correction efficiency. We then analyze the 
efficiency of nucleic acid sequence alteration in yeast strains deficient for at least one 

5 protein from the RAD52 epistasis group, the mismatch repair group, or the nucleotide 
excision repair group. We find that extracts produced from an msh2 mutant yeast strain 
(LSY814) show a significant reduction In repair activity similar to the lower gene repair that 
we see in mammalian cells deficient In MSH2p (Table 2). We observe that cell-free extracts 
from rad57 or radSQ mutant strains show little change in nucleic acid sequence alteration 

1 0 activity and that cell-free extracts from rad23 or rad54 mutant strains show a slight increase 
in nucleic acid sequence alteration activity relative to a strain with fijnctional copies of these 
genes. However, we observe elevated nucleic acid sequence alteration firequencies using 
cell-flree extracts irom rad51 or rad52 mutant strains. In partfcuiar, we observe that the 
hrad52 (LSY386) strain exhibits about 5-fbld to about 25-1bld higher repair frequency. In all 

15 samples, the range of ampicillln resistance colonies Is 500-600 per plate with kanamycin 
colonies between 10 and 300. 

[0223] Gene repair depends on the dose of repair proteins. We examine the activity of an 
. extract lacking RAD52 in more detail. First, we observe that repair of pKsm4021 depends 
on the addition of all three components: plasmid, oligonucleotide and extract (Table 3). We 
20 also observe that the repair is dose-dependent and proportional to the amount of LSY386 
(Arad52) extract present in a reaction where two extracts are mixed (Table 3). We confirm 
that RAD52 is present in these extracts by western blot analyses. We observe a similar 
effect on repair In cell-free extract when a rad52 mutant strain lacking RAD52 is mixed with 
a rad23 mutant strain (YEL037C) instead of LSY678. 

25 [0224] Finally, we analyze nucleic acid sequence alteration efficiency of cell-free extracts 
from LSY386 or LSY678 containing a plasmid expressing RAD52. We observe that the 
expressfon of RAD52 reduces the level of nucleic acW sequence alteratnn activity in 
extracts made from either LSY386 or LSY678. In LSY386, the level of repair drops to near 
wild-type levels while the level in LSY678 is reduced to 4-fold below wild-type levels (Table 

30 3). We perfomi westem blot analysis on these strains and the level of 11^052 protein 
expression in these strains is approximately equal. These results indicate that expression 
of the IRAD52 gene suppresses oligonucleotide-directed nucleic acid sequence alteration. 
We also analyze the DNA sequence of the target plasmid from three colonies and observe 
that the targeted base Is predsely changed even in samples in which the extract came from 
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AmcfSf or Arac/23. Hence, target specificity is maintained despite the mutations and the 
differences in nucleic acid sequence alteration frequency. 

Table 1 

5 Gene repair using Saccharomyces cerevisiae extracts 

Relative 



Plasmid (1 pg) 


Chimeric 

Oligonucleotide (pg) 


Extract (|ig) 


Frequency 
kan7amp^(x 1( 


pKSm4021 






0.002 


pKSm4021 




20 


0.0 




1 (Kan GG) 


20 


0.0 








0.0 


pKSm4021 


1 (Kan GG) 


1 


0.32 


pKSm4021 


1 (Kan GG) 


10 


3.66 


pKSm4021 


1 (Kan GG) 


20 


7.601 


pKSm4021 


0.5 (Kan GG) 


10 


1.89 


pKSm4021 


1.0 (Kan GG) 


10 


2.78 


pKSm4021 


2.0 (Kan GG) 


10 


4.005 


pKSm4021 


1 (Kan GG) 




0.0 


pKSm4021 


l(KanCG) 


20 


0.003 



[0225] Chimeric oligonucleotides at varying levels are incubated with plasmid pKSm4021 
and the indicated amounts of cell-free extracts from Saccharomyces cerevisiae (LSY678) 

10 for 45 minutes at 30°C. We Isolate, purify and electroporate the plasmids into £ coli 
(DH10B) and quantify resistant colonies using an automatic plate reader. Relative 
frequency is presented as kanamycin resistant colonies divided by ampicillin resistant 
colonies (x lO-^). Oligonucleotide KanCG has the same sequence as KanGG except there 
is no mismatch and KanCG does not conrect the mutation. Each data point is presented as 

1 5 the average of 5 independent experiments. 
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10 



Gene repair using mutant strains of Saccharomyces ceiBvisiae 



Plasmid 


Oligonucleotjde 


Source of 
Extract 


Relative Correction 

Fffiftipnrw 


pKSm4021 


KanGG 




0.0 






LSY678 


0.002 


pK^m4021 


KanGG 


LSY678 (wild type) 


1.17 


pK^m4021 


KanGG 


LSY814 {Amsh2) 


0.79 


pK^m4021 


KanGG 


LSY402 {Lrad51) 


5.15 


pKSm4021 


KanGG 


LSY386 (Arac/52) 


25.7 


pKSnfi4021 


KanGG 


XS827-18C 


1.36 


(Lracl54) 


pKSm4021 


KanGG 


YDR076W 
{LradSSj 


1.27 


pKSm4021 


KanGG 


LSY407{AA8cf57) 


2.13 


pKSm4021 


KanGG 


LSY837 {Arad59) 


0.35 


pKSni4021 


KanGG 


YEL037C(Arad23) 


1.04 



[0226] Reaction mixtures (20^1) containing 1 ]ig plasmid pKSm4021 and 1 \ig 
oligonucleotide KanGG are mixed with 10 pg of a cell-free extract from ttie indicated yeast 
strains. After a 45 minute incubation at 30»C, we isolate the plasmid DNA and electroporate 
into £ coli (DH10B). We count l<anamycin resistant colonies on agar plates containing 
50pg/ml kanamycin. Plasmids from duplicate reaction mixtures are also electroporated into 
£ coli (DHIOB) and plated on ampicillin containing plates. We detemiine relative acfivity by 
dividing Kanr by Amp^ colony numbers. These numbere reflect an average of five reactions. 
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Table3 

Extracts from LSY386(Arac/52) exhibit higher levels of gene repair. 





Oligo- 






Relative 


Plasmid 


nucleotide 


Source of 


Source of 


Correction 






First Extract 


Second Extract 


Efficiency 


pKSm4021 


_ 






0.0 




KanGG 


- 


- 


0.0 


pKSm4021 


KanGG 






0.003 


pKSm4021 


KanGG 


LSY678(wild type) 




1.08 




ixanvjb 


1 CVQQft/AroW/\0\ 
Lo Y OOOsJirdQ Oii) 




Ofi 7 




r\ai 




LSY678f8ua^ 


2 91 


pKSm4021 


KanGG 


LSY386(4pg) 


LSY678{6|jg) 


5.45 


pKSm4021 


KanGG 


LSY386(6pg) 


LSY678(4pg) 


10.47 


pKSm4021 


KanGG 


LSY386{8Mg) 


LSY678(2Mg) 


14,36 




r\all\3w 


1 ^Y^8Rf9nn^ 


YEL037Cf8ua^ 


1 85 


plv'm4021 


i\ani3o 


LoYOOD(4|jgj 


TCLUOf u(0|jgj 


71 


pKSm4021 


KanGG 


LSY386(6pg) 


YEL037C(4Mg) 


9.22 


pKSm4021 


KanGG 


LSY386(8|jg) 


YEL037C(2ijg) 


16.95 


pKSm4021 


KanGG 


LSY386 




19.9 


pKSm4021 


KanGG 


LSY386'p52 




2.31 


pKSm4021 


KanGG 


LSY678 




1.63 


pKSm4021 


KanGG 


LSY678«p52 




0.41 



[0227] Reaction mixtures and processing for colonies are as described in the legend to 
5 Table 1 with the following exceptions. We use cell-free extracts from yeast strains 
containing mutations as follows: LSY678 (wild type). LSY386 (Araof52). and YEL037C 
{Aracf23). We use either 10pg of extract or the amounts indicated. The reactions identified 
as LSY386 • p52 contain a cell-free extract from a hr^ibl strain {LSY386) harboring a 
plasmid which expresses RAD52 protein. The reactions identified as LSY678 • p52 contain 
1 0 a cell-free extract from wild-type strain (LSY678) harboring a plasmid which expresses 
RAD52 protein. 
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EXAMPLE 2 

DNA REPAIR GENES INFLUENCE THE ABILITY TO DIRECT NUCLEIC ACID 
SEQUENCE ALTERATION IN VIVO 

IP2281 In this example, we use chemically modified, Internally unduplexed, single-stranded 
oligonucleotides or double-hairpin chimeric oligonucleotides and measure nucleic acid 
sequence alteration of target nucleic acid sequences in cells with increased or decreased 
expression of DNA repair genes. These target nucleic acid sequences encode, for 
example, a fusion between a hygnomycin resistance gene and eGFP which Is non-functional 
due to at least one point mutation In the coding region. The target sequences may be either 
episomal or chromosomal (including, e.g.. nuclear, mitochondrial or plastidic). Nucleic acid 
sequence alteration of episomal targets is generally slightly more efficient (less than two- 
fold) than nucleic acid sequence alteration of chromosomal targets. Modifications to the 
oligonucleotides and construction of target vectors are disclosed in the copending 
International Patent Application WO 01/73002 of Kmiec et al. entitled Targeted 
15 Chromosomal Genomic Alterations with Modified Single Stranded Oligonucleotides." filed 
March 27. 2001 , the disclosure of which is hereby incorporated by reference. 

[0229] In vivo assay systems. To monitornucleic acid sequence alteration of episomal 
targets, we employ a yeast system using the plasmids pAURHYG(rep)eGFP, which 
contains a point mutation in the hygromycin resistance gene, pAURHYG(lns)eGFP, which 
contains a single-base Insertion in the hygromycin resistance gene and pAURHYG(A)eGFP 
which has a single base deletion (shown in FIG. 2). We also use the same plasmid 
containing a functional copy of the hygromycln-eGFP fusion gene, designated 
pAURHYG(wt)eGFP, as a control. These plasmids are collectively designated 
pAURHYG(x)eGFP. These plasmids also contain an aureobasldlnA resistance gene. In 
pAURHYG{rep)eGFP. hygromycin resistance gene function and green fluorescence from 
the eGFP protein are restored when a G at position 137. in codon 46 of the hygromycin B 
coding sequence, is converted to a C ttius removing a premature stop codon in ttie 
hygromycin resistance gene coding region. In pAURHYG(ins)eGFP. hygromycin resistance 
gene function and green fluorescence fHom the eGFP protein are restored when an A 
inserted between nucleotide positions 136 and 137, in codon 46 of the hygromycin B coding 
sequence, is deleted and a C is substituted for ttie T at position 1 37, thus con-ecting a 
frameshlfl mutation and restoring the reading frame of the hygromycin-eGFP fusion gene. 
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In pAURHYG(A)eGFP, hygromycin resistance gene function and green fluorescence from 
eGFP are restored when a C is inserted at the site of the single nucleotide deletion. 

[0230] We synthesize the set of three yeast expression constructs pAURHYG(rep)eGFP, 
pAURHYG(A)eGFP, pAURHYG(ins)eGFP, that contain a point mutation at nucleotide 137 

5 of the hygromycin-B coding sequence as follows: (rep) indicates a T1 37-iG replacement, 
(A) represents a deletion of G137 and (ins) represents an A insertion between nucleotides 
136 and 137, We construct this set of plasmids by excising the respective expression 
cassettes by restriction digest from pHyg(x)eGFP and ligation into pAUR123 (Pan Vera® 
CA). We digest 10 \iq pAUR123 vector DNA as well as 10 pg of each pHyg(x)eGFP 

10 construct with Kpn\ and Sa/I (NEB). We gel purify each of the DNA fragments and prepare 
them for enzymatic ligation. We ligate each mutated insert into pAUR123 vector at a 3:1 
molar ratio using T4 DNA ligase (Roche). We screen clones by restriction digest, confimi 
by Sanger dideoxy chain tennination sequencing and purify plasmid DNA using a Qiagen® 
maxiprep kit. 

15 [0231] To monitor nucleic acid sequence alteration of chromosomal targets, we typically 
employ a yeast system in which we monitor chromosomal genes such as CYC1 or we use 
integrational plasmids such as those designated pAUR101-HYG(x)eGFP. These plasmids 
do not replicate in yeast. These plasmids comprise the HYG(x)eGFP fusion proteins used 
in the pAURHYG(x)eGFP episomal plasmid system (shown in FIG. 2) and an aureobasidinA 

20 resistance gene. Therefore, like pAURHYG(x)eGFP, these constructs can also be used to 
monitor all types of nucleic acid sequence alterations, I.e. replacements, insertions and 
deletions. In addition to this constmct, we monitor nucleic acid sequence alteration of 
specific yeast genes including, for example, CVCl 

[0232] We constmct the pAUR101-HYG(x)eGFP plasmids as diagrammed In FIG. 8. 

25 Briefly, we digest 10 |jg pAURI 01 (PanVera® Corp.) with Sa/I and Kpnl and ligate a linker 
comprising a unique Bc/I restriction site. We then digest 10 pg of the resulting plasmid 
(" pAURIOI-linken with Sc/I and ligate in a 1 kb SamHI fragment from pAUR123. The 
BamHl fragment from pAUR123 comprises a multiple-cloning site as well as the ADH1 
promoter and terminator regions. We then digest 10 pg of this plasmid r oAURIOI- 

30 promoter" ) with Sa/I and Kpnl and ligate in a 1 .8kb SalllKpnl fragment from 

pAURHYG(x)eGFP which contains the HYG(x)eGFP fusion protein. The resulting plasmid 
is pAUR101-HYG(x)eGFP. All DNA fragments are gel purified after restriction enzyme 
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digestion to prepare them for enzymatic ligation. Ail ligations are performed using T4 DNA 
ligase (Rocfie). Clones are screened by restriction digest and confinned by Sanger dideoxy 
chain tennination sequencing. 

[0233] We integrate ttie plasmids into the genome of wild-type yeast cells as well as yeast 
5 strains wifli mutations in a variety of genes, including, for example, genes of the RAD52 
epislasis group, the mismatch repair group, and ttie nucleotide excision repair group. We 
Integrate ttie plasmids into ttie yeast genome by linearizing 10 pg of the plasmid by 
digestion with Slu\ and electroporating ttie linearized plasmid into the yeast cells. The 
plasmid Integrates by homologous recombination at the wild-type AUR-C (aureobasidinA) 
10 locus. We ttien select on aureobasidinA to identify clones in which the plasmid has 

integrated. We confimi that the plasmid has integrated by PGR analysis and by performing 
Souttiem blots. We obtain yeast strains witti single as well as multiple Integrated copies of 
flie plasmid. 

[0234] We also synthesize a set of yeast expression plasmids to express genes from the 
RAD52 epistasis group, the mismatch repair group, and ttie nucleotide excision repair 
group. We use the plasmid pYN132 which has ttie promoter from ttie TPL1 gene, which 
directs high-level constitutive expression of genes cloned downsfream (Alberet al. J. Mol. 
Appl. Genet. 1 : 419-34 (1982)). We construct the expression plasmids by digesting 10 pg 
pYN132 DNA as well as10 pg of a PGR product containing one of ttie DNA repair protein 
with Wcfel and Xho\ (NEB). We gel purify each of ttie DNA fragments and prepare ttiem for 
ligation. We ligate «ie PGR product into ttie pYN132 vector at a 3:1 molar ratio using T4 
DNA ligase (Roche). We screen clones by restriction digest, confimi the clone by Sanger 
dideoxy chain temiination sequencing and purify plasmid DNA using a QIagen® maxiprep 
kit. 

[02351 We use this system to assay ttie ability of modified oligonucleotides (shown in FIG. 
3) to support nucleic acid sequence alteration in a variety of host cell backgrounds including 
wild-type, mutants and cells expressing additional gene(s). These oligonucleotides direct 
con-ecUon of ttie mutation in pAURHYG(rep)eGFP as well as tiie mutation in 
pAURHYG(ins)eGFP or pAURHYG(A)eGFP. The first of tiiese oligonucleotides, 
HygE3T/74, is a 74-base oligonucleotide witti the sequence directing nucleic acid sequence 
alteration centi-ally positioned. The second oligonucleotide, designated HygE3T/74NT, is 
the complement of HygE3T/74. The tiiird oligonucleotide, designated Kan70T, Is a non- 
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specific, control oligonucleotide which is not complementary to the target sequence. 
Altematively, an oligonucleotide of Identical sequence but lacking a mismatch to the target 
or a completely phosphorothioate-modified oligonucleotide or a completely 2-0-methylated 
modified oligonucleotide or a completely LNA-modified oligonucleotide may be used as a 
5 control. We also use this system with chimeric RNA-DNA double-hairpin oligonucleotides. 

[0236] Oligonucleotide synthesis and cells. We synthesize and purify the oligonucleotides 
using available phosphoramidites on controlled pore glass supports. After deprotection and 
detachment from the solid support, each oligonucleotide is gel-purified using, for example, 
procedures such as those described in Gamper et ai, Biochem, 39: 5808-5816 (2000). We 
1 0 detennine the concentration of the oligonucleotides spectrophotometrically (33 or 40 yg/ml 
per A260 unit of single-stranded or hairpin oligomer, respectively). Plasmids used for assay 
are maintained stably at low copy number under aureobasidin selection in yeast 
{Saccharon^yces cerevisiae) strain LSY678 (wild type) which optionally may contain 
additional gene mutations or may be engineered to express additional protein(s). 

1 5 [0237] Plasmids and oligonucleotides are introduced into yeast cells by electroporation as 
follows: to prepare electrocompetent yeast cells, we inoculate 10 ml of YPD media from a 
single colony and grow the cultures ovemight with shaking at 300 rpm at 30°C. We then 
add 30 ml of fresh YPD media to the ovemight cultures and continue shaking at 30°C until 
the ODeoo is between 0.5 and 1 .0 (3-5 hours). We then wash the cells by centrifuging at 4°C 

20 at 3000 rpm for 5 minutes and twice resuspending the cells in 25 ml ice-cold distilled water. 
We then centrifuge at 4°C at 3000 rpm for 5 minutes and resuspend in 1 ml ice-cold 1l\/l 
sorbitol and then finally centrifuge the cells at 4°C at 5000 rpm for 5 minutes and resuspend 
the cells in 120 |jl 1M sorbitol. To transfomi electrocompetent cells with plasmids or 
oligonucleotides, we mix 40 \}\ of cells with 5 pg of nucleic acid, unless otherwise stated, 

25 and incubate on ice for 5 minutes. We then transfer the mixture to a 0.2 cm electroporation 
cuvette and electroporate with a BIO-RAD Gene Pulser apparatus set at 1 .5 kV, 25 pF, 200 
D for one five-second pulse. We then immediately resuspend the cells in 1 ml YPD 
supplemented with 1M sorbitol and incubate the cultures at 30°C with shaking at 300 rpm 
for 6 hours. We then spread 200 pi of this culture on selective plates containing 300 pg/ml 

30 hygromycin and spread 200 pi of a 10^ dilution of this culture on selective plates containing 
500 ng/ml aureobasidinA and/or hygromycin and Incubate at 30^C for 3 days to allow 
individual yeast colonies to grow. We then count the colonies on the plates and calculate 
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HygE3T/74NT, repairs the chromosomal target mutation more effiectively than the 
complementary oligonucleotide, HygE3T/74, at all concentrations tested. The fold 
difference in conBCtion efficiency using HygE3T/74NT relative to using HygE3T/74 is 
indicated in the final column of Table 14. 

5 [0241 ] Nucleic acid sequence alteration in strains with mutation(s) in gene(s) of the 
RAD52 epistasis group. We test the ability of oligonucleotides shown in FIG. 3 to alter a 
nucleic acid sequence in vivo using yeast strains with additional mutation{s) in gene(s) of 
the RAD52 epistasis group. In these experiments we use derivatives of LSY678 (wild type) 
with a mutation in one or more of the genes of the RAD52 epistasis group and containing 

10 the target plasmid pAURHYG{rep)eGFP, pAURHYG(ins)eGFP or pAUR HYG(A)eGFP. We 
electroporate these cells with 5 pg of HygE3T/74 and plate on hygromycin and 
aureobasidinA to obtain the efficiency of nucleic acid sequence alteration. The results of 
these experiments for plasmid pAURHYG(rep)eGFP. pAURHYG{ins)eGFP and pAUR 
HYG(A)eGFP are shown in Table 5, Table 6 and Table 7, respectively. We also monitor 

1 5 nucleic acid sequence alteration efficiency on chromosomal targets in yeast strains with 
mutation(s) in gene(s) of the RAD52 epistasis group. 

[0242] These data indicate that the efficiency of nucleic acid sequence alteration is 
reduced or unchanged in a yeast strain with a mutation in RAD51 , RAD52, RAD54, RAD55, 
RAD59, RAD50, MRE1 1 or XRS2. The efficiency of nucleic acid sequence alteration that 

20 we observe in these experiments in strains with mutations in either RAD57 or a double 
mutant in racl51/52 is reduced when using pAURHYG{ins)eGFP or pAUR HYG(A)eGFP as 
the target plasmid, but, surprisingly, we observe an increase in the efficiency of nucleic acid 
sequence alteration in these strains when using pAURHYG(rep)eGFP as the target. We 
observe that nucleic acid sequence alteration using pAURHYG{rep)eGFP as the target is 

25 reduced in yeast strains with mutations in RAD54 or RAD55. We also perfomi control 

experiments with LSY678 yeast cells containing the plasmid pAURHYG(wt)eGFP. With this 
strain we observe that even without added oligonucleotides, there are too many hygromycin 
resistant colonies to count. We test yeast strains with mutations in both single genes in the 
RAD52 epistasis group as well as yeast strains with mutations in two or more of the genes. 

30 We test the ability of these yeast strains to correct all of the pAURHYG{x)eGFP mutations. 

[0243] Nucleic acid sequence aiteration in strains with mutationls) in mismatch repair 
gene(s). We test the ability of oligonucleotides shown in FIG. 3 to alter a nucleic acid 
sequence in vivo using yeast strains with additional mutation(s) in mismatch repair gene(s) 
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pAURHYG(rep)eGFP or pAURHYG{ins)eGFP as the target. We also perform control 
experiments with LSY678 yeast cells containing the plasmid pAURHYG{wt)eGFP which 
yield too many hygromycin resistant colonies to count. We test yeast strains with mutations 
in both single nucleotide excision repair genes as well as yeast strains with mutations in two 
5 or more of the genes. We test the ability of these yeast strains to conrect all of the 
pAURHYG(x)eGFP mutations. 

[0247] Nucleic acid sequence alteration in yeast strains expressing DNA repair gene(s) • 
from plasmids. We test the effect on nucleic acid sequence alteration efficiency of 
increasing expression of DNA repair genes, including genes in the RAD52 epistasis group, 

1 0 mismatch repair genes and nucleotide excision repair genes. We test the effect of 
expression of these genes both individually and in groups of two or more. We employ 
plasmids with inducible promoters, for example, the plasmid described in FIG. 6, directing 
expression of DNA repair genes. Altematively, we use plasmids with constitutive promoters 
to direct expression of DNA repair genes, for example, the plasmids described in FIGs 1 , 2 

15 and 4. 

[0248] We test the ability of oligonucleotides shown in FIG. 3 to alter a nucleic acid 
sequence in vivo using yeast strains with additional copies of gene(s) of the RAD52 
epistasis group, the mismatch repair group, or the nucleotide excision repair group. In 
these experiments we use derivatives of LSY678 wild type containing the plasmid pYN132 

20 or the derivatives of pYN 1 32 comprising a cloned copy of a gene from the RAD52 epistasis 
group, the mismatch repair group, or the nucleotide excision repair group. These strains 
also contain one of the plasmids pAURHYG(rep)eGFP, pAURHYG(ins)eGFP or 
pAURHYG(del)eGFP as a reporter for monitoring nucleic acid sequence alteration. 
Alternatively, these strains comprise the one or more copies of the integrational plasmid 

25 pAUR1 01 -HYG(x)eGFP as a reporter for monitoring nucleic acid sequence alteration. We 
confirm expression of the cloned DNA repair gene in these strains by northern blot and/or 
westem blot analysis. 

[02491 We introduce, for example, plasmids expressing RADIO, RAD51 . RAD52, RAD54, 
RAD55, MRE1 1 , PMS1 , REC2 or XRS2 into LSY678 (wild type) and monitor the ability of 
30 the single-stranded oligonucleotide vector, Hyg3S/74NT, to direct nucleic acid sequence 
alteration in the pAURHYG{ins)eGFP plasmid. As shown in Table 9 and Table 12, results 
from these experiments indicate that additional expression of any one of the RADIO, 
RAD51, RAD52, RAD54, MRE11, PMS1 or XRS2 genes results in an increase in nucleic 
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acid sequence alteration efficiency ranging from 1 .2-fold (RADIO) to 7.5-fold (RAD51). 
These data clearly indicate ttiat additional copies of particular DNA repair proteins results in 
increased nucleic acid sequence alteration efficiency. We also introduce plasmids 
expressing multiple proteins into LSY678 (wild type) and monitor tlie efficiency of nucleic 
5 acid sequence alteration as shown in Table 10. We also test other genes from theRAD52 
epistasis group, the mismatch repair group, or the nucleotide excision repair group for 
enhancement of nucleic acid sequence alteration efficiency. 

[0250] We test nucleic acid sequence alteration efficiency as described above using yeast 
strains further comprising mutatlon(s) In the RAD52 epistasis group, the mismatch repair 

10 group, or the nucleotide excision repair group. For example, we Introduce pYNI 32-derived 
plasmids expressing RADIO, RAD51, RAD52, RAD54, RAD55, MRE11, PMS1, REC2 or 
XRS2 into LSY678 strains with mutations in RAD51 , RAD52, MRE1 1 or PMS1 . We then 
monitor the ability of the single-stranded oligonucleotide vector, Hyg3S/74NT, to direct 
nucleic acid sequence alteration in the pAURHYG(x)eGFP plasmid. As shown in Table 1 1 , 

1 5 Table 1 3 and Table 1 5, we observe that strains with mutations in RAD51 , RAD52, MRE1 1 
or PMS1 containing pYN132 exhibit reduced con-ection efficiency relative to the wild type 
containing pYN132 shown in Table 9. These data are consistent with results from mutant 
strains shown in Table 6. In general, we observe that expressing RADIO, RAD51 , RAD52, 
RAD54. MRE11 or PUS] in these yeast strains results in increased nucleic acid sequence 

20 alteration efficiency relative to the mutant with the empty pYNI 32 vector. These data 
Indicate that additional expression of these genes results in enhancement of nucleic acid 
sequence alteration efficiency in the mutants as it does in the wild type. We observe that a 
RAD52 mutant expressing RAD51 from a plasmid gives veiy high con-ection efficiency. We 
obsewe that a PMS1 mutant expressing RAD51 from a plasmid gives the highest correction 

25 efficiency of any strain tested. We also test the effect of expressing multiple proteins in 
mutant yeast stains and monitor the efficiency of nucleic acid sequence alteration. 

[0251] We also monitor nucleic acid sequence alteration efficiency on chromosomal 
targets In yeast strains with additional copies of gene(s) of the RAD52 epistasis group, the 
mismatch repair group, or the nucleotide excision group. For example, we introduce 
30 pYN132-derived plasmids expressing RAD51, RAD52, RAD54, RAD51+RAD54, 

RAD51 +RAD52, MRE1 1 , XRS2 or MRE1 1+XRS2 Into yeast strains containing Integrated 
copies of the pAUR101-HYG{x)eGFP plasmids. The results from an experiment using a 
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Strain with integrated pAUR101-HYG{rep)eGFP are shown in Table 16. These results are 
consistent with results observed with episomal target experiments. 

[0252] We also detemiine nucleic acid sequence alteration efficiency on chromosomal 
target sequences as described above using yeast strains comprising mutation(s) in the 

5 RAD52 epistasis group, the mismatch repair group or the nucleotide excision repair group. 
For example, we introduce pYN132-<lerived piasmid(s) expressing RAD51, RAD52, RAD54, 
IVIRE1 1 , PMS1 , REC2 or XRS2 into LSY678 strains with an integrated copy of pAUR101- 
HYG(x)eGFP and mutation(s) in one or more of the RAD51 . RAD52, MRE1 1 and PMS1 
genes. We then monitor the ability of the single-stranded oligonucleotide vector. 

10 Hyg3S/74NT, to direct nucleic acid sequence alteration in the integrated pAURIOI- 
HYG(x)eGFPplasmid. 

[0253] We also test the effect of heterologous expression of DNA repair genes from other 
organisms, including, for example, other fungi, animals, plants and bacteria. 

[0254] We also use additional oligonucleotides to assay the ability of individual 
15 oligonucleotides to correct multiple mutations in the pAURHYG(x)eGFP plasmid contained 
in yeast strains with altered expression or activity of gene(s) in the RAD52 epistasis group, 
the mismatch repair group and/or the nucleotide excision repair group. These include, for 
example, one that alters two basepairs that are 3 nucleotides apart is a 74-mer with the 
sequence 5'- 

20 CTCGTGCTTTCAGCTTCGATGTAGGAGGGGGTGGGTACGTCCTGGGGGTAAATAGCT 
GCGCCGATGGTTTCTAG-3' (SEQ ID NO: 17); a 74-mer that alters two basepairs that are 
15 nucleotides apart with the sequence 5 - 

CTCGTGCnTCAGCnCGATGTAGGAGGGCGTGGATACGTCCTGCGGGTAAACAGGT 
GCGGGGATGGTTTCTAC-3' (SEQ ID NO: 18); and a 74-mer that alters two basepairs that 

25 are 27 nucleotides apart with the sequence 5 - 

CTCGTGCnTCAGCTTCGATGTAGGAGGGCGTGGATACGTCCTGCGGGTAAATAGCTG 
CGCCGACGGTTTCTAC (SEQ ID NO: 19). The nucleotides in these oligonucleotides that 
direct alteration of the target sequence are underlined and in boldface. These 
oligonucleotides are modified in the same ways as the previously described 

30 oligonucleotides. 

[0255] We also test the ability of oligonucleotides shown in FIG. 1 to alter a nucleic acid 
sequence in vivo using yeast strains containing the plasmid pAURNeo(x)FIAsH™ (FIG. 4) 
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electroporate KanGG or another oligonucleotide directing nucleic acid sequence alteration 
into either LSY386 or LSY678 containing stable copies of the pAURNeo{-)FiAsH™ plasmid. 
We measure uptake of oligonucieotide using Texas Red conjugated oligonucleotide and 
optimize electroporation conditions so that over 80% of the surviving cells receive the 

5 oligonucleotide. In the absence of KanGG, or another oligonucleotide directing nucleic acid 
sequence alteration, we observe only a low level of auto-fluorescence after addition of 
FIAsH™-EDT2 in both LSY678 (FIG. 5A) and LSY388 (FIG. 5B) by confocal microscopy. 
However, when we introduce KanGG into the cells, we observe many corrected cells in both 
LSY678 and LSY378 as seen in FIG. 5C and FIG. 5D, respectively. We see a significant 

10 increase in the number of cells exhibiting green fluorescence in the LSY378 strain lacking 
RAD52 (FIG. 5D) relative to the LSY678 strain (FIG. 5C), This result reflects a higher 
degree of gene repair in the strain lacking RAD52 gene function. Correction of pAURNeo(- 
)FIAsH™ also confers resistance to G418 selection in yeast cells. Therefore we grow 
representative samples exhibiting green fluorescence on agar plates containing G418. We 

1 5 then detemiine the DNA sequence of the plasmid in these cdls. The sequence analysis 
illustrates that the targeted base Is changed from a G to a C as designed In plasmids 
isolated after G418 selectton. We perfonon similar experiments In yeast strains with altered 
levels of expression or activity of other proteins in the RAD52 epistasis group, the mismatch 
repair group and the nucleotkle excision repair group. 

20 [0258] Oligonucleotides targeting the sense strand direct nucleic add sequence alteration 
more efficiently in yeast mutants. We compare the ability of single-stranded 
oligonucleotides to target each of the two strands of the target sequence of 
pAURHYG(ins)eGFP. pAURHYG(rep)eGFP or pAURHYG(A)eGFP present in LSY678 
mutant strains with increased or decreased expression of DNA repair genes. For example, 

25 the results of an experiment performed with yeast strains having mutations in RAD1 and 
RADIO are presented in Table 8. The data from this experiment indicate that an 
oligonucleotide, HygE3T/74NT, with sequence complementary to the sense strand (i.e. the 
strand of the target sequence that is idenflcal to the mRNA) of the target sequence 
facilitates gene comection approximately ten-fold more efficiently ttian an oligonucleotide, 

30 HygE3T/74, with sequence complementary to the strand that serves as the template for the 
synthesis of RNA. However, regardless of the reduced efficiency observed in yeast strains 
with mutations In DNA repair genes, the oligonucleotides are clearly still able to target either 
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strand of the target sequence. In addition, the role of transcription of the target gene is 
investigated using plasnfiids with inducible pronfioters such as that described in FIG. 6. 

[0259] Influence of DNA repair genes in other cells. In addition to testing the effect of 
DNA repair genes in the above-described yeast assay systenn. we test the effect of altering 

5 the expression or the activity of DNA repair genes in other cells, including, for exannple, 
other fungi, animal, plant and bacterial cells. We use other cells with normal DNA repair 
genes as well as cells that have altered levels or activity of DNA repair genes, including, for 
example, human and bacterial cells with mutations in the homologous genes or expressing 
additional copies of the homologous genes. For example, we use ceils that are transiently 

1 0 or stably transfomied with vectors that express either native or heterologous DNA repair 
genes. To monitor nucleic acid sequence alteration in these cells, we employ a reporter- 
gene assay system, for example, kanamycin resistance, hygromycin resistance or GFP 
expression. Alternatively, we assay the ability of an oligonucleotide to direct nucleic acid 
sequence alteration of a target present in the genome of the target ceil, for example, we 

1 5 monitor conversion of the sickle T (pS) mutation in the p-globin gene to the nomial A (PA) 
allele or vice-versa. 
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Table4 



Gene repair 0 


'different mutations in wild-type Saccharomyces cerevisiae 


Amount of 
Oligonucleotide 
(MOL 


Correcting Oligonucleotide Tested 


Fold 


HygE3T/74 


HygE3T/74NT 


Repair of pAURHYG(rep)eGFP 


0 


0* 


0 


Ox 


1.0 


5(0.03) 


238(1.47) 


47.6X 


2.5 


99 (0.61) 


704 (4.37) 


7.1 X 


5.0 


204(1.26) 


1,406(8.73) 


6.8x 


7.5 


69(0.42) 


998(6.20) 


14.5X 


10.0 


19(0.12) 


261 (1.62) 


13.7X 


Repair of pAURHY6(A)eGFP 


0 


0 


0 


Ox 


1.0 


1 (0.01) 


1 (0.01) 


1.0x 


2.5 


18(0.11) 


68(0.42) 


3.8x 


5.0 


70(0.43) 


308(1.91) 


4.4x 


7.5 


47 (0.29) 


276 (1.71) 


5.9x 


10.0 


11 (0.07) 


137(0.85) 


12.5X 


Repair of pAURHYG(ins)eGFP 


0 


0 


0 


Ox 


1.0 


5 (0.03) 


45(0.28) 


9.0x 


2.5 


47 (0.29) 


387(2.4) 


8.2x 


5.0 


199 (1.24) 


623(3.87) 


3.1x 


7.5 


54(0.34) 


398(2.47) 


7.4x 


10.0 


17(1.10) 


271 (1.68) 


15.9X 



* Average colony count on hygromycin plates from four experiments is shown. 
Numbers in parentheses indicate the number of hygromydn-resistant coionies per 
5 aureobasidin-resistant colony. 
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Yeast 
Strain' 



Colonies on 
Hygromycin 



Colonies on 
Aureobasidin j/m 



Correction 
Efficiency 
456 



Bllismatch Repair Group IMutants 





EachstahMM^^exceptfortheWaledm^l,). The motions used in 
BieM experlmenis are generally knockout mulaUons. 
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Table6 



Nucleic acid sequence alteration directing correction of the mutation in pAURHYG(ins)eGFP 



Yeast 
Strain* 


Colonies on 
Hygromycin 


Colonies on 
Aureobasidin (/lO^) 


Correction 
Efficiency 


Fold 


wild type 


256 


74 


3.46 


1x 


RAD52 Epistasis Group Mutants 


rad51 


19 


32 


0.59 


0.17X 


rad52 


31 


36 


0.86 


0.24X 


rad51/52 


3 


86 


0.3 


O.OIx 


rad54 


0 


170 


0 


Ox 


rad55 


0 


32 


0 


OX 


rad57 


34 


103 


0.33 


O.lOx 


rad59 


116 


47 


2.47 


0.71 X 


mre11 


3 


34 


0.09 


0.03X 


radSO 


1 


17 


0.06 


0.02X 


xrs2 


6 


168 


0.04 


O.OIx 


Mismatch Repair Group Mutants 


msh2 


0 


51 


0 


Ox 


ms/)3 


1 


18 


0.05 


0.02x 


msh6 


0 


49 


0 


Ox 


pms1 


111 


6 


18.5 


5.35X 


Nucleotide 


Excision Repair Mutants 


rad1 


52 


88 


0.59 


0.1 7x 


radio 


14 


101 


0.14 


0.04X 


rad2 


113 


63 


1.79 


0.52X 


rad23 


1 


144 


0.01 


Ox 


Exol 


2 


197 


0.01 


Ox 



* Each strain is wild type except for the indicated mutation{s). The mutations used in 
these experiments are generally knockout mutations. 

5 
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TABLE7 

NUCLEIC AQD SEQUENCE ALTERATION DIRECTING CORRECTION OF THE 
MUTATION IN PAURHYG(A)EGFP 



Yeast Strain* 


Foid Alteration in Correction Efficiency 


wild type 


1x 


RAD52 Epistasis Group Mutants 


rad51 


0.47X 


rad52 


0.05X 


rad51/52 


0.1 3x 


mre11 


1.10X 


Mismatch R 


.epair Group Mutants 


msh2 


Ox 


msW 


0.02X 


msh6 


Ox 


Nucleotide Excision Repair Mutants 


rad1 


Ox 


radio 


0.04X 



* [0260] Each strain is wild type except for the indicated mutatipn(s). The mutations 
5 used in these experiments are generally knocl(out mutations. 
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TABLE8 

ALTERATION WITH AN OUGONUCLEOTIDE TARGETING 
THE SENSE STRAND IS MORE EFFICIENT 





Colonies on Hygromycin 


Yeast Strain** 


Kan70T 


HygE3T/74 


HygE3T/74NT 


md1 


0 


3 


53 (15x)* 


radio 


0 


2 


14 (8x)* 



* The numbers in parentheses represent the fold increase in efficiency for targeting the 
5 non-transcribed strand as compared to the other strand of a DNA duplex that 

encodes a protein. 

** [02611 Each strain is wild type except for the indicated mutation(s). The mutations 
used in these experiments are generally knockout mutations. 



TABLE 9 

10 NUCLEIC ACID SEQUENCE ALTERATION IN YEAST STRAINS WITH INCREASED 

LEVELS OF DNA REPAIR PROTEINS 



Yeast strain* 


Hyg3S/ 
74NT (pg) 


Hygr 


Aur 
(10*) 


Correction 
efficiency 

(1/105) 


Fold 


Wild type/pYN132 


0 


0 


931 


0 


N/A 


Wildtype/pYN132 


5 


249 


801 


3.1 


1 


Wild 

type/pYNRAD51 


5 


2,700 


1,152 


23.4 


7.5 


wild type/pYNRAD52 


5 


1.512 


748 


20.3 


6.5 


wild type/pYNiRAD55 


5 


283 


1,016 


2.8 


0.9 


wild 

type/pYNMRE11 


5 


920 


728 


12.6 


4.1 


wildtype/pYNPMSI 


5 


406 


804 


5.0 


1.6 



[0262] All strains also contain pAURHyg(ins)eGFP as the target for cotrection. All 
yeast strains are wild type for all DNA repair proteins and contain plasmids 
expressing DNA repair proteins as indicated. 



15 
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NUCLEIC ACID SEQUENCE ALTE^^^^^^^ 

LEVELS OF MULTIPLE DNA REPAIR PROTEINS 



Yeast Strain* 



wild type/pYN 132 



wild fype/pYNRAD51 



wildtype/pYNRAD54 



wiwtype/pYNMREII 



wiiatype/pYNRAD51 + 
PYNRAD54 



WHO type/pYNRAD51 + 
pYNMREII 



wiiatype/pYNRAD54 + 
pYNMREII 



wiiatype/pYNRADSI + 
PYNRAD54 + pYNMREII 



Hyg3S/ 
74NT 

(pg) 



Hygr 



330 



1,360 



886 



456 



978 



236 



412 



1,120 



Aur 

(104) 



141 



109 



70 



Correction 

efficiency 

(1/105) 



23.4 



124.77 



74 



78 



69 



159 



71 



126.57 



61.62 



125.38 



34.2 



25.91 



157.75 



Fold 



5.33X 



5.41X 



2.63X 



5.36X 



1.46X 



l.llx 



6.74X 



I0263I AnstrainsalsocontainpAURHyg(ins)eGFPasthetargetforcorrec«on All 
yeaststrains are ^Id type for all DNA repair pn)teins and contain plasmids 
expressing DNA repair proteins as indicated. 
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TABLE 11 

NUCLEIC ACID SEQUENCE ALTERATION IN YEAST STRAINS WITH INCREASED 
LEVELS OF DNA REPAIR PROTEINS 



Yeast Strain* 


Hyg3S/ 
74NT(|jg) 


Hygf 


Aur 
(10*) 


Correction 
efficiency 

(1/105) 


Fold 


racf5f/pYN132 


0 


0 


1.012 


0 


N/A 


»ad5t/pYN132 


5 


18 


708 


0.25 


1 


raof5t/pYNRAD51 


5 


159 


1,392 


1.14 


4.6 


facl5^/pYNRAD52 


5 


39 


1,586 


0.24 


1 


/ad5t/pYNRAD55 


5 


26 


1,372 


0.19 


0.8 


f8d5t/pYNMRE11 


5 


8 


426 


0.18 


0.7 


rad5t/pYNPMS1 


5 


33 


984 


0.33 


1.3 




rad52/pYN132 


0 


0 


518 


0 


N/A 


ra(/52/pYN132 


5 


140 


644 


2.17 


1 


rad52/pYNRAD51 


5 


3.532 


832 


42.4 


19.3 


/ad52/pYNRAD52 


5 


195 


684 


2,85 


1.3 


rad52/pYNRAD55 


5 


69 


308 


2.24 


1.0 


rad52/pYNMRE11 


5 


63 


122 


5.16 


2.4 


rad52/pYNPMS1 


5 


67 


145 


4.62 


2.1 




mre11/pYN132 


0 


0 


302 


0 


N/A 


/^fe^1/pYN132 


5 


2 


260 


0.077 


1 


mref)/pYNRAD51 


5 


1 


235 


0.042 


0.6 


/nABff/pYNRAD52 


5 


3 


135 


0.022 


2.8 


n7fe^1/pYNRAD55 


5 


20 


217 


0.922 


11.9 


mre)7/pYNMRE11 


5 


57 


588 


0.969 


12.6 


m/iBft/pYNPMSI 


5 


1 


147 


0.067 


0.9 



*I0264] All strains also contain pAURHyg(ins)eGFP as the target for correction. All yeast 
5 strains are wild type except for a single mutation in the indicated DNA repair protein and 
contain plasmids expressing wildtype DNA repair proteins as indicated. The mutations used 
in these experiments are generally knoclcout mutations. 
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TABLE12 

NUCLEIC ACID SEQUENCE ALTERATION IN YEAST STRAINS WITH INCREASED 
LEVELS OF DNA REPAIR PROTEINS 



Yeast Strain* 


Hyg3S/ 
74NT(|jg) 


Hygf 


AUr 
(W) 


oorrecnon 
efficiency 

(1/105) 


rOlU 


wild type/pYN132 


0 


0 


931 


0 


N/A 


wild type/pYN132 


5 


827 


740 


11.17 


1 


wildtype/pYNRADIO 


5 


1,112 


812 


13.69 


1.2 


wild type/pYNRAD54 


5 


4,320 


970 


44.54 


4,0 


wildtype/pYNREC2 


5 


152 


686 


2.22 


0.20 


wildtype/pYNXRS2 


5 


937 


670 


13.98 


1.25 


wild lype/pYNPRAD51+RAD52 


5 


1,042 


908 


11.48 


1.02 



* [0265] All strains also contain pAURHyg{ins)eGFP as the target for correction. All 
5 yeast strains are wild type for all DNA repair proteins and contain plasmids 

expressing DNA repair proteins as indicated 
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TABLE 13 

NUCLEIC ACID SEQUENCE ALTERATION IN YEAST STRAINS WITH INCREASED 
LEVELS OF DNA REPAIR PROTEINS 



Yeast Strain* 


Hyg3S/ 
74NT{Mg) 


Hyg^ 


Aur^ 
(1(H) 


Correction 
efficiency 

(1/105) 


Fold 


Afacf5t/pYN132 


0 


0 


1.012 


0 


N/A 


Arad5^/pYN132 


5 


50 


576 


0.87 


1 


Arad5t/pYNRAD10 


5 


21 


548 


0.38 


0.44 


Ara(/5t/pYNRAD54 


5 


10 


683 


0.15 


0.17 


Aracf57/pYNREC2 


5 


28 


456 


0.61 


0.77 


Arad5)/pYNXRS2 


5 


15 


890 


0.17 


0.19 




Aracf52/pYN132 


0 


0 


518 


0 


N/A 


Arad52/pYN132 


5 


57 


700 


0.81 


1 


Aracl52/pYNRAD10 


5 


97 


777 


1.25 


1.54 


Arac(52/pYNRAD54 


5 


388 


792 


4.89 


6.04 


Arad52/pYNREC2 


5 


12 


678 


0.18 


0.22 


Arac/52/pYNXRS2 


5 


56 


609 


0.92 


1.06 




wildtype/pYN132 


5 


465 


129 


3.6 


1 


Amref7/pYN132 


0 


0 


302 


0 


N/A 


Amref?/pYN132 


5 










Amre)t/pYNRAD10 


5 


184 


41 


4.49 


1.25 


Amf9f)/pYNRAD54 


5 


12 


17 


0.71 


0.20 


Amfet1/pYNREC2 


5 


83 


30 


2.77 


0.77 


Amfe7f/pYNXRS2 


5 


9 


14 


0.64 


0.18 



* [0266] All strains also contain pAURHyg(ins)eGFP as the target for correction. All 
5 yeast strains are wild type except for a single mutation in the indicated DNA repair 

protein and contain plasmids expressing wildtype DNA repair proteins as indicated. 
The mutations used in these experiments are generally knockout mutations. 
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GENE REPAIR OF CHROMOSOMAL MmVoNS IN WILD-TYPE SACCHAROMYCES 

CEREVISIAE 



Amount of 
Oligonucleotide (pg) 


Correcting uiigonucieotlde Tested 


Fold Difference in 
Correction 
Efficiency 


HygE3T/74 


HygE3T/74NT 


Repa 

0 

2.5 
5.0 
7.5 
10.0 


Ir of integrated pA 
0* 

652(140) 
1.060(120) 
2,052(112) 
2,012(121) 


UR101.HYG(rep)GF 

0 

3,108(180) 
4.203 (139) 
6.120(118) 

3,932(155) 


P 

Ox 
3.7x 
3.4x 
2.8x 
1.5x 



10267] Average colony count on hygromycin plates from three experiments is 
shown. Numbers in parentheses indicate the nmbe: of auieobasidin-resistant 
cotonies (/lOS). 
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TABLE 15 

NUCLEIC ACID SEQUENCE ALTERATION IN YEAST STRAINS WITH INCREASED 
LEVELS OF DNA REPAIR PROTEINS 



Yeast Strain* 


Hyg3S/ 
74NT (ua) 

1 TIN 1 ^p^y 


Hygf 


Aur"^ 


Correction 
efficiency 

(1/105) 


Fold 


Apmst/pYN132 


5 


11 


120 


9.17 


1x 


Ap/nst/pYNRAD51 


5 


11,890 


578 


2057 


224x 


Apmst/pYNRAD52 


5 


53 


241 


22 


2.4x 


Apms1/pYNRAD54 


5 


252 


740 


34 


3.7x 


Apmsf/pYNRAD55 


5 


255 


593 


43 


4.7x 


Ap/ns)/pYNMFE11 


5 


126 


247 


51 


5.6x 


Apmst/pYNPMS1 


5 


84 


256 


25 


2.7x 


Apmst/pYNXRS2 


5 


141 


359 


39 


4.3x 


Apms1/pYNRAD10 


5 


17 


809 


2.1 


0.23X 


Apmsl/pYNRADSI + 
PYNRAD54 


5 


641 


774 


83 


9.1x 



* [0268] All strains also contain pAURHyg{rep)eGFP as tfie target for correction. All 
5 yeast strains are wild type except for a single mutation in the indicated DNA repair 

protein and contain plasmids expressing wild-type DNA repair proteins as indicated. 
The mutations used in these experiments are generally knockout mutations. 
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10 



LEVELS OFDNA REPAIR PROTEINS 



PlasmkJ in Yeast Strain 




1026^ All strains contain an integrated pAUR101-HYG(rep)eGFP as the taraet fhr 

contain plasm,dsexp,essingwi,d-typeDNArepairp«,teins as indicated. 

EXAMPLE 3 
CULTURED CELL iWANIPULATION 

™<»aray.NJ)d8nsilycei*ffiMaliori. CD34«oB«,>«i„», 
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pancreatic insulin, 1 mg/ml human transferrin, and IMDM; Stem Ceil Teciinologles), 40 
pg/ml low-density lipoprotein (LDL; Sigma, St. Louis, MO), 50 mM HEPEs buffer and 50 pM 
2-mercaptoethanol. 20 ng/ml each of thrombopoletin, 1lt-3 llgand. stem ceil fector and 
human IL-6 (Pepro Tech Inc., Rocky Hili, NJ). After microinjection, cells are detached and 
5 transfened in bull( into wells of 48 well plates for culturing. 

[0271] 35 mm dishes are coated overnight at 4''C with 50 pg/mi Fibronectin (FN) fragment 
CH-296 (RetronecBn; TaKaRa Biomedicals, PanVer^, Madison, Wi) in phosphate buffered 
saline and washed with IMDM containing glutamine/penlciilin/streptomycln. 300 to 2000 
cells are added to cloning rings and attached to^e plates for 45 minutes at 37°C prior to 

10 microinjection. After Incubation, cloning rings are removed and 2 mi of 8 Medium are added 
to each dish for microinjection. Pulled injection needles vnth a range of 0.22 p to 0.3 p outer 
tip diameter are used. Ceils are visualized with a microscope equipped with a temperature 
controlled stage set at 37''C and injected using an electronically interfaced Eppendorf 
Micromanipulator and Transjector. Successfully Injected ceils are Intact, alive and remain 

1 5 attached to the plate post injection. Molecules that are fluorescentiy labeled allow 
detennination of the amount of oligonucleotide delivered to the ceils. 

[0272] For in erythropoiesis from IJn'CD38- cells, the procedure of Malik can be used 
(Malik et al.. Blood 91:2664-71 (1998)). Cells are cultured in ME Medium for 4 days and 
then cultured In E Medium for 3 weeks. Erythropoiesis is evident by glycophorin A 

20 expressfon as well as the presence of red cofor representing the presence of hemogfobin in 
the cultured cells. The Injected ceils are able to retain their proliferative capacity and the 
ability to generate myetoid and erythoid progeny. CD34* cells can convert a nonnal A (P*) 
to sickle T (ps) mutetion In the p-globin gene or can be altered using any of the 
oligonucleotides of the Invention herein for correction or alteration of a nomial gene to a 

25 mutant gene. Alternatively, stem ceils can be isolated from blood of humans having genetic 
disease mutations and the oligonucleotides of the invention can be used to con-ect a defect 
or to modify genomes within those cells. 

[0273] Alternatively, non-stem cell populations of cultured cells can be manipulated using 
any method known to those of skill In the art Including, for example, the use of poiycations, 
' 30 cationic lipids, liposomes, polyethylenimine (PEI), electroporatlon, biollstks, catoium 
phosphate precipitation, or any other method known in the art. 
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EXAMPLE 4 
TREATMENT OF BLOOD DISORDERS 

I0274I The kits and methods of the invention can be used, for example, in therapeutfc 
approacheswhenthetargetcellisastemcell. These approaches can be used with a 

vanetyofpluripotentstemcells.inciuding,forexample.anyofthestemcellllnesinthe 
Natranal Institutes of Health list which are described elsewhere hetein. embryonfc stem 
cells, and hematopoietic stem cells. Such an approach with any of these cell types is 
part-culariy advantageous because the target cell can be manipulated ex vivo allo«rfng for 
correction of the mutation and selection of a clone with the des,red alteration. The cells a,. 
10 then reintroduced into the patient resulting in repopulatibn in whole orin part^rfth progeny 
from the genetically corrected stem cell. For hematopoietic stem cells, the cells may be 
reintroduced after the patienrs bone marrow has been ablated, although complete 
eradication of host hematopoiesis is not required to achieve therapeutic effects (see e g 
Blau.BaieresmH« Many diseases of btood. such ai skile " 

15 cell anemia, thallassemias. immunological and clotting disorders, can be trBated using the 
compositions and methods of the invention to correct mutations into the chrt^nosomal DNA 
of hematopoietic stem cells and transplanting these cells into a patient 
10275] Most tfierapeutic approaches on stem cells use viral vectors, e.g. retroviral vectors 

P°rt°nsofadenovlrus(Ad)oradeno-associated,«rus(AAV).todelivernucl^cacid ' 
20 sequencesencodingpartialorcompteteportionsofaparti-cularpiotein. Theproteinis 
expressed in the ceil which results in the desired phenotype. See. for example, U S 

Patents5.700,470 and 6,139,941. TTieuseof such transgene vectors in any eukaryotic 
organism adds one or more exogenous copies ofagene, which gene may be foreign to the 
^°^*''"«"S"al^randomfashtonatoneormorBintegration8«esofflieo,ganlsm'^^ 
25 atsomefrequency. The gene which was originally present in the genome, which may be a 
nomial allelic variant mutated, defective, and/or functfonal, fe retained in the genome of the 
host. In conti^. the methods of the inventions described herein produce a legacy-free 
prac.se nucleic add sequence alteration of ttie target DNA and lack the immune response 
produced in viral vector gene ttierapy. 

30 I0276I r'^airne.fofs/cA/ece//(//sease.Asamodelforti,ecorrectionofmutationsin • 
stem cells using the kits and methods of ttie invention, we test their ability to correct the 
hemoglobin sfckle mutatton in human cells obtained from blood, bone marrow, umbilical 
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cord blood or other sources of human hematopoietic stem cells. Alternatively, we test the 
ability to correct the hemoglobin sickle mutation in cultured cells or In mouse models. 
Numerous transgenic mouse strains have been developed which exclusively express 
human globins, including the sickle allele. Mice that exclusively express human sickle 
5 hemoglobin exhibit significant sk^kle pathology whteh is sufficiently faithful to test antisickling 
treatments regimens. See, for example, Blouin et al., Btood 94:1451-1459 (1999) and 
Fabry et al., Blood 97:410-418 (2001). In addition, methods for purifying and culturing 
hematopoietic stem cells are well known to one of ordinary skill in the art. See, for example, 
Spangnjde et al.. Science 214:58-62 (1988) and United States Patent 6,261,841. 

10 [0277] We purify hematopoietic stem cells from mice, conect the sickle allele, reintroduce 
Into mice and monitor sickling phenotype. 

[0278] Treafmenf of AIDS. Entry of HIV-1 into target cells is known to require cell surface 
CD4 as well as additional host cell cofactors. The principal cofsctor for entry mediated by 
the envelope glycoproteins of primary macrophage-tropic strains of HiV-1 is CC-CKR5. 
15 See, for example, United States Patent 6,057,102. Individuals who are homozygous for a 
mutation of the CKR-5 receptor which results in complete suppression of CKR-5 expression 
are resistant to HIV infection. An individual who Is heterozygous for a CKR-5 mutation may 
be more resistant to HIV infection and an individual who is homozygous for a CKR-5 
mutation may be more resistant than heterozygous individuals. 

20 [0279] The sequence of the human CKR-5 gene is known and there are no apparent 
adverse effects resulting from a mutation in CKR-5. Accordingly, individuals infected with 
HIV-1 can be treated by removing hematopoietic stem cells and introducing a mutation in 
the CKR-5. 

EXAMPLES 

25 TREATMENT OF HUMAN BLOOD CELLS WITH HDAC INHIBITORS INCREASES 
NUCLEIC ACID SEQUENCE ALTERATION EFFICIENCY 

[0280] Mononuclear cells are isolated from human umbilteal cord blood of nonnal donors 
using Ficoll Paque Plus (Amersham Biosciences, Piscataway, NJ) density centrifugation. 

CD34* cells are immunomagneticaliy purified from mononuclear cells using either the 
30 progenitor or Multisorl Kits (Miltenyl Blotec, Auburn, CA). Un-CD38- cells are purified from 
the mononuclear cells using negative selectkm with StemSep system according to the 
manufacturer's protocol (Stem Cell Technologies, Vancouver, CA). Cells used for 
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mlcroinjectfonorelGctroporationorlipoM^^ 

Dulbecco'sMediumv«-thoutphenoI,ed(IMDM)with100pg/^^ 
5 glutamine/penidllin/streptoa,ycin.50pg/^^ 

transfern-n.and,MDM,40pg/,nltow^ensi,y,|popI^^ 

HEPEsbufferandSOuM?^,. . *u '^'^ " ^t- Louis, MO), 50 mM 

kit lia.nd H 2-me«:aptoethanol. 20 ng/ml each of thrombopoietin flt-3 linand 

10 QBSF60framQualityBiologicalinGaithe,sbu,g.MaryIand Celte.r. , J 

containing170pMtrichostatinAforfhpi«H ^ells are cultured in medium 

a H the 16 hours immediately prior to treatmpnt with fh 

oligonuc eotide of the inw>ntinn a« . / lo ireatment with the 

SWamne^wMIIn/slreplomycln. 300 to 2000 cells a««4iv.. , ■ 

25 oligonucleotide delivered to the cells. 

" M.r3 igami (100 ,^1, ^ 1^ 1^^^^^ ^ 
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allowed to recover for about 12 hours following treatment and dead cells are removed. 
Cells are then maintained in culture. Frequencies of nucleic acid sequence alteration are 
detennined on cell samples at various times using, e.g., sequencing of PCR samples of 
cellular DNA, to detennine nucleic acid sequence alteration efficiencies. Nucleic acid 
5 sequence alteration of hematopoietic stem cells is indicated by nucleic acid sequence 
alteration in cell populations maintained for at least four weel<s after electroporation. It is 
expected that mature cells will die over time leaving a population of immature cells capable 
of differentiation. 

[02831 For in vifro erythropoiesis from Lin-CD38- cells, the procedure of Malilt, 1 998 can 
1 0 be used. Ceils are cultured in ME Medium for 4 days and then cultured in E Medium for 3 
weel<8. Erythropoiesis is evident by giycophorin A expression as well as the presence of 
red color representing the presence of hemoglobin in the cultured cells. The injected cells 
are able to retain their proliferative capacity and the ability to generate myeloid and erythoid 
progeny. CD34* cells can convert a nonnal A (pA) to sickle T (ps) mutation in the ^lobin 
15 gene or can be altered using any of the oligonucleotides of the invention herein for 

con-ection or alteration of a nomial gene to a mutant gene. Alternatively, stem cells can be 
isolated from blood of humans having genetic disease mutations and the oligonucleotides of 
the invention can be used to con-ect a defect or to modify genomes within those ceils. 

[0284] Altematively, non-stem cell populations of cultured cells can be manipulated using 
20 any method known to those of skill in the art including, for example, the use of polycations, 
cationic lipids, liposomes, polyethylenimine (PEI), electroporation, biolistics, calcium 
phosphate precipitatton, or any other method known in the art. 

EXAMPLES 

25 TREATMENT WITH TRICHOSTATIN A INFLUENCES THE ABILITY 

TO DIRECT NUCLEIC ACID SEQUENCE ALTERATION IN YEAST CELLS 

[0285] In this example, trichostatin A is used to enhance the efficiency of oligonucleotide- 
medlated nuclete acid sequence alteration in a system employing single-stranded 
30 oligonucleotides v/ith modified backbones. We perform these experiments using an 
episomal target, such as pAURHYG(x)eGFP (FIG. 2), or an integrated copy of the same 
target to monitor chromosomal gene alteratton. These assay systems are described in 
Example 2. 



t 



wo 03/075856 PCT/US03/07217 

-93- 

[0286] As described in Example 2, both the episomal and integrational plasmids also 
contain an aureobasldinA resistance gene. For example, in pAURHYG(rep)GFP, 
hygromycin resistance gene function and green fluorescence from the eGFP protein are 
restored when a G at position 137, at codon 46 of the hygromycin B coding sequence, is 
5 converted to a C thus removing a premature stop codon in the hygromycin resistance gene 
coding region. 

[0287] We use this system to assay the ability of three oligonucleotides (shown in FIG. 3) 
to support correction under a variety of conditions both with and without an HDAC inhibitor, 
such as trichostatin A. Oligonucleotide Hyg74T (HygE3T/74T) is a 74-base oligonucleotide 

1 0 with the base targeted for alteration centrally positioned. The second oligonucleotide, 
designated Hyg74NT (HygE3T/74NT), is the complement of Hyg74T. The third 
oligonucleotide, designated HyglO, is a 24 base oligonucleotide with the base targeted for 
alteration centrally positioned. The sequences of the oligonucleotides are shown in FIG. 3. 
Hyg74T and Hyg74NT are single-stranded DNA oligonucleotides with three 

15 phosphorothioate linkages at each end. HyglO has one LNA on each end. A non-specific, 
control oligonucleotide that is not complementary to the target sequence may be used as a 
control, Altematively, an oligonucleotide of identical sequence but lacking a mismatch to 
the target or a completely ttiioate modified oligonucleotide or a completely 2'-0-meUiylated 
modified oligonucleotide may be used as a control. 

20 [0288] Oligonucleotide syntiiesis and cells. We synthesize and purify single-stranded 
oligonucleotides (including those virith the indicated modifications) as described in Example 
2. Plasmids used for assay are maintained stably in yeast (Saccharamyces cerevisiae) 
strain LSY678 MATa at low copy number under aureobasidin selection. Plasmids and 
oligonucleotides are introduced Into yeast cells by electroporation as follovis: to prepare 

25 elecbocompetent yeast cells, we inoculate 10 ml of YPD media from a single colony and 
grow the cultures overnight witti shaking at 300 rpm at 30'>C. We then add 30 ml of fresh 
YPD media, witfi or without 50 ng/mL trichostatin A, to flie overnight cultures and continue 
shaking at 30''C until tiie OD600 is approximately 0.5 (4 hours). We then wash ttie cells by 
centrifuging at 4°C at 3000 rpm for 5 minutes and twice resuspending the cells in 25 ml ice- 

30 cold distilled water. We then centi-ifuge at 4°C at 3000 rpm for 5 minutes and resuspend in 
1 ml ice-cold 1 M sorbitol and then finally centrifuge the cells at 4°C at 5000 rpm for 5 
minutes and resuspend ttie cells in 120 01 1M sorbitol. 
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[02891 To transform electrocompetent cells with plasmids or oligonucleotides, we mix 40 
^il of cells with 5 |ag of nucleic acid, unless otherwise stated, and incubate on ice for 5 
minutes. We then transfer the mixture to a 0.2 cm electroporation cuvette and electroporate 
with a BIO-RAD Gene Pulser apparatus at 1 .5 kV, 25 ^iF, 200 n for one five-second pulse. 

5 We then immediately resuspend the cells in 1 ml YPD supplemented with 1M sorbitol and 
with or without 50 jig/mL a trichostatin, such as trichostatin A, and incubate the cultures at 
30X with shaking at 300 rpm for 6 hr. We then spread 200 nl of this culture on selective 
plates containing 300 (ig/ml hygromycin and spread 200 ^il of a 10^ dilution of this culture 
on selective plates containing 500 ng/ml aureobasidinA and incubate at SO^'C for 3 days to 

10 allow individual yeast colonies to grow. We then count the colonies on the plates and 
calculate the gene conversion efficiency by detemiining the number of hygromycin 
resistance colonies per 105 aureobasidinA resistant colonies. We also test other HDAC 
inhibitors using this assay system. 

[0290] Trichostatin A increases ttie efficiency of oligonucleotide-mediated gene alteration, 
1 5 We compare the efficiency of oligonucleotide-mediated gene alteration in cells pre-treated 
with 50 ng/mL trichostatin A with the efficiency of oligonucleotide-mediated gene alteration 
in cells without pre-treatment. See, for example, Table 17. These experiments indicate that 
growth of cells in 50 ng/mL trichostatin A for four hours prior to electroporation increases 
the efficiency of gene alteration up to several-fold and that treatment of cells with 50 jig/mL 
20 trichostatin A during the recovery period can also increase the efficiency of gene alteration 
up to 3 or more fold. 
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Correction 
efficiency 
11/105) 




yeast cells is diluted i„|„ 200 niL vpn ■«, «■ *" ovemigtit cfcre of 

wasl.ttecellsl>yce„««i^,,^,T"**'°='''»"-'-above,We«,en 

--pe*..eoe::«,r;e^""^':^----=™- 

allowecltogrowfor20or40n,i„..f . ^^h YPD media. The cells are then 

-^t^.a^^^de.e^e^^^^'::^^— «as 
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TABLE 18 

EFFECT OF TIME OF RECOVERY, TEMPERATURE OF CENTRIFUGATION, AND PRE- 
TREATMENT WITH TRICHOSTATIN ON CELL CONVERSION 



Oligonucleotide 
and trichostatin 
A pre-treatment 


Conversion per 1( 


35 cells 


centrifugation at 
4«C,20 
minutes growth 
after 

resuspending 


centrifugation at 
4° C,40 
minutes growth 
after 

resuspending 


centrifugation at 
room 

temperature, 20 
minutes growth 
after 

resuspending 


centrifugation 
at room 
temperature, 
40 minutes 
growth after 
resuspending 


1.62 ng Hyg10 + 
50 |ig/mL 
trichostatin A 


8.1 


14.8 


6.6 


13.5 


1.62ugHyg10 


3.8 


8.6 


3.8 


7.6 



5 EXAMPLE 7 

LAMBDA PHAGE BETA PROTEIN INCREASES 
THE EFFICIENCY OF TARGETED SEQUENCE ALTERATION IN YEAST 



[0292] The effect of expression of beta protein on tiie efficiency of gene connection by 
1 0 modified single-stranded gene repair targeting vectors in Saccharomyces cerevlsiae is 
studied. 

[0293] The CYC1 gene in yeast is chosen as an experimental system in which to study 
gene repair and the effect of beta protein on gene repair efficiency. The diploid yeast strain 
YMH51 contains a wild-type copy of CVCf and diploid yeast strains YMH52, YMH53, 

15 YMH54 and YMH55 contain a mutated version of the CYC1 gene In hemlzygous state. 
These strains are derived from the yeast strain MATacyc1-706::CYH2 cyc7-67 ura3-52 
feu2-3 112 cyh2. In YMH51, codon 22 of CYC1 is the wild-type TGC (Cys) sequence; in 
YMH52, codon 22 is C6C (Arg); in YMH53, codon 22 is AGC (Ser); in YMH54, codon 22 is 
GGC (Gly); and in YMH55, codon 22 is TCC (Ser). In each case, the gene product of the 

20 mutated gene possesses a different amino acid in place of a cysteine residue at position 22 
of the primary sequence. The phenotype associated with this mutation is inability to grow 
using glycerol as the sole carbon source. Reversion of the CYC1 gene mutation to the wild- 
type sequence, e.g., as mediated by a sequence altering oligonucleotide, confiers upon the 
yeast the ability to grow on glycerol only. 

25 [0294] Cyc1/70T (70T) and Cyc1/70NT (70NT) are modified single-stranded gene repair 
targeting vectors used in these experiments. The 70T vector is complementary to, and 
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therefore targets, the transcribed strand of the mutant CYCI gene, whereas the 70NT 
vector is complementaiy to, and therefore targets, the nontranscribed strand. The taigeting 
vectors contain wiid-type sequence, such that there exists a single base mismatch between 
the tangeting vectors and mutated CYCI gene sequence. Both 70T and 70NT vectors 
5 contain three phosphorothioated linkages at each of their 5' and 3' tennini (indicated by the 
symbols in Table 19, below). The vector called Hyg3S/74T (74T) serves as a negative 
control and Is not complementary to the sequence of either strand of the CYCI gene. The 
sequence of these vectors appears as follows in Table 19. All the oligonucleotide vectors 
are synthesized and purified according to standard techniques in the art, or as discussed 
1 0 elsewhere in this specification. 



TABLE 19 



Cyc1/70T 


a - A' e-GT GCT ACA C 1 T TTC AAG ACT AGA TGT CTA CAA TGC CAC 
ACC GTG GAA AAG GGT GGC CCA CAT AAG* G*T*T -3' 


SEQ ID 
N0.:21 


Cyc1/70NT 




5'- A*A*C* CTT ATG TGG GCC ACC CTT HC CAC GGT GTG GCA TTG TAG 
ACA TCT AGT CH GAA AAG TGT AGC A*C*C* T -3' 


SEQ ID 
NO.:22 


Hyg3S/74T 




5'- C*T*C* GTG Cn TCA GCT TCG ATG TAG GAG GGC GTG GAT ACG TCC 
TGC GGG TAA ATA GCT GCG CCG ATG GH TC *T*A*C - 3' 


SEQ ID 

NO.: 8 



102951 Five micrograms of each CVCr oligonucleotide are electroporated into a yeast 
strain with a mutation in the CYC1 gene, such as YMH52. YMH53, YMH54 and YIVIH55, 
and the YMH51 diploid wild-type strain according to methods well known to the skilled 
artisan. Selection for nucleic acid sequence alteration is carried out by spreading 1 ml of 
yeast cells, without dilution, on YPG plates (1% yeast extract. 2% peptone. 3% glycerol. 2% 
agar). Growth without selection is analyzed by spreading a separate 0.1 mi of yeast cells, 
diluted 1 xlO-4, on YPD plates, which contain dextrose rather than glycerol as the carbon 
source. YPG plates are incubated at 30°C for 7 days and YPD plates are incubated at 
30»C for 3 days. Colony counts of selected (grown on YPG) and nonselected yeast (grown 
on YPD) are determined using an AccuCount™ 1000 (BioLogics, Inc.). ConBction efficiency 
(C.E.) is calculated by dividing the number of YPG colonies by the number of YPD colonies; 
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this value normalizes for variability in transfonmation frequency and survival. Presence of 
the wild-type CYC1 gene sequence in YMH52, YMH53. YMH54 or YMH55 yeast selected 
on YPG plates is confinned by PGR amplification of the exon of the CYC1 gene containing 
codon 22 and then sequencing the gene product. Selected colonies are picked at random 

5 from a YPG plate and diluted in 50 \x\ of distilled water. One microliter of yeast cell solution 
is added to a PGR reaction mixture containing 1x PGR amplification buffer, 300^M dNTP, 
OJW-24 primer, ORB-27 primer, and Taq polymerase. Sequences for the OJW-24 primer 
and the ORB-27 primer may be found, for example, in Hampsey, "A tester system for 
detecting each of the six base-pair substitutions In Saccharomyces cerevisiae by selecting 

10 for an essential cysteine in iso-1 -cytochrome c," Genetics 128: 59-67 (1991). Samples are 
preheated at 92°G for 4 min., followed by 35 cycles of 92°C for 10 sec, 52°C for 30 sec, 
60°G for 1 min.. with a final single elongation step of 68°G for 8 min., followed by incubation 
at 4°G. PGR products are analyzed by gel electrophoresis through a 1% agarose gel to 
confinrn the presence of the 422 basepair CYCf exon band. The sequence of PGR 

15 products is confimried by automated sequencing using an ABI 373 Sequencer. 

[0296] Results from these types of experiments are presented below in Table 20. The 
wild-type strain YMH51 grows well on YPG plates because the-wild type CYC1 gene is 
capable of metabolizing glycerol. In contrast, the mutant strains, containing a hemizygous 
mutated CYC1 gene, are unable to grow on YPG plates when electroporated with the 

20 negative control 74T vector which does not target the CYC1 gene. Electroporation of the 
mutant strains with either oligonucleotide, 70T or 70NT, results in reversion of the mutated 
version of the CYC1 gene to the wild-type sequence, as evidenced by the ability of treated 
cells to grow into colonies on YPG plates. The frequency of gene repair is much higher for 
70NT, the vector that binds to and targets the non-template strand of the CYC1 gene, as 

25 compared to 70T. 



wo 03/075856 



PCT/US03/07217 



-99- 



TABLE20 




10 



r0297? Th«« '" ~ ' ^^-—-ijTonspecific 

"BSMota enz^nes, w fata) Intot "'i^ * « 



wo 03/075856 



PCT/US03/07217 



-100- 

although the growth of the yeast containing the empty pYN1 32 vector (negative control) is 
much diminished compared to YMH55 lacking pYN132 (see Table 20, above), an effect that 
may be attributable to double selection in glycerol and growth medium lacking uracil. 
Surprisingly, however, despite the inhibitory effects of double selection, expression in the 
5 YMH55 strain of beta protein, or a protein from RAD52 epistasis group, the mismatch repair 
group, or the nucleotide excision repair group as indicated in Table 21, substantially 
increases the frequency of targeted gene repair of the mutated CYC1 gene by the 70NT 
oligonucleotide. 

10 TABLE 21 ^ 



Overexpression 
construct 


No.ofYPD 

Plate 
Colonies 


No.ofYPG 

Plate 
Colonies 


Average 
C.E. (X 10-5) 


Fold 


S.D. 


pYN132 


549 


19 


0.04 


1 


+/-0.25 


PYNRAD51 


500 


260 


0.52 


14.8 


+/-5.13 


PYNRAD52 


484 


108 


0.22 


6.2 


+/-3.61 


PYNRAD54 


482 


42 


0.09 


2.4 


+/-0.80 


PYNRAD55 


519 


410 


0.78 


22.2 


+/.5.70 


PYNMRE11 


627 


25 


0.04 


1.1 


+/-0.69 


PYNXRS2 


447 


22 


0.03 


1,34 


+/-0.53 


pYNp 


517 


166 


0.32 


9.1 


+/-1,70 



[0299] In other experiments examining the effect of beta protein expression on CYC1 

gene repair, the conrection efficiency per 10^ transformants is 0.326, corresponding to a 5 to 

» 

18 fold increase in gene repair efficiency. 
1 5 [0300] The results from such an experiment with YMH53 overexpressing multiple proteins 
are shown below in Table 22. YMH53 yeast grow in the presence of glycerol indicating that 
gene repair is effected. Expression in the YMH53 strain of both the MRE1 1 and XRS2 
proteins or both the RAD52 and RAD54 proteins, substantially increases the frequency of 
targeted gene repair of the mutated CYC1 gene by both the 70T and 70NT oligonucleotides. 

20 
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TABLE 22 



Overexpression 
construct 


NcofYPD 

Plate 
Colonies 


No.ofYPG 
Plate 

Colonies 


Average C.E. 
(xlO-5) 


Fold 


Oligonucleotide CVC1/70T 




PYN132 






0.03169 


1 


PYNIVIRE11 + 
PYNXRS2 


590 


155 


.263 


8.29 


PYNRAD52 + 
PYNRAD54 


558 


103 


.185 


5.82 


Oligonucleotide cvc1/7C 


)NT 




PYN132 






0.0056 


1 


PYNMRE11 + 
PYNXRS2 


553 


178 


0.322 


57.48 


PYNRAD52 + 
PYNRAD54 


608 


109 


0.179 


32.01 



EXAMPLES 

HYDROXYUREA ENHANCES TARGETED SEQUENCE ALTERATION IN YEAST CELLS 

[03011 In this example, HU is used to enhance the efficiency of gene repair in a system 
employing single-stranded oligonucleotides with modified backbones to measure gene 
repair using plasmid pAURHYG{rep)eGFP, with plasmid pAURHYG(wt)eGFP as a control, 
as described in Example 2. We use this system to assay the ability of three 
oligonucleotides (shown in FIG. 3) to support correction under a variety of conditions. 
Oligonucleotides HygE3T/74 and HygE3T/74NT, and control oligonucleotides, are 
described in Example 2. The third oligonucleotide, designated Hyg10, is a 24 base 
oligonucleotide with the base targeted for alteration centrally positioned, with the sequence 
5' -ACC CGC AGG ACG TAT CCA CGC CCT- 3' (SEQ ID NO: 20). The Hyg10 
oligonucleotide has one LNA modification on each end. Oligonucleotides are synthesized 
as described in Example 2. 

[0302] Plasmids used for assay are maintained stably in yeast {Sacchaimyces 
cemisiae) strain LSY678 IVIATa at low copy number under aureobasidin selection. 
Plasmids and oligonucleotides are introduced into yeast cells by electroporation as follows: 
to prepare electrocompetent yeast cells, we inoculate 10 ml of YPD media from a single 
colony and grow the cultures overnight with shaking at 300 rpm at SO'C. We then add 30 
ml of fresh YPD media, with or without 20 mM HU. to the overnight cultures and continue 
shaking at 30 C until the ODeoo "s approximately 0.5 (4 hours). We then wash the ceUs by 
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centrifuging at 4^*0 at 3000 rpm for 5 minutes and resuspending the cells In fresh YPD 
media. We then take time points, removing 40 ml of culture at 10, 20, 40, 60, and 90 
minutes after resuspension. To transfonm electrocompetent cells with plasmids or 
oligonucleotides, we mix 40 |xl of cells with 5 ^g of nucleic acid, unless othenA/ise stated, 
5 and incubate on ice for 5 minutes. Electroporation and determination of the alteration 
{"conversion") efficiency are performed as in Example 2. 

[0303] Hydroxyurea increases the eWiciency of oligonucleotide-mediated nucleic acid 
sequence alteration. We compare the efficiency of oligonucleotide-mediated nucleic acid 
sequence alteration in cells pre-treated with 20 mM HU with the efficiency of 

1 0 oligonucleotide-mediated nucleic acid sequence alteration in cells without pre-treatment. 
These experiments, presented in Table 23, indicate that growth of cells in 20 mM HU for 
four hours prior to electroporation can increase the efficiency of nucleic acid sequence 
alteration at least 25- to 40-fold. As shown in Table 23, although we observe the greatest 
increase in efficiency of nucleic acid sequence alteration when the post-HU outgrowth 

1 5 period is 90 minutes, HU treatment enhances the efficiency of nucleic acid sequence 
alteration at 10, 20, 40 and 60 minutes also. Table 23 shows that HU pre-treatment 
enhances nucleic acid sequence alteration efficiency for all oligonucleotides tested, whether 
they target the sense (nontranscribed) strand (HygE3T/74NT; SEQ ID NO: 9) or the 
transcribed strand (HygE3T/74T; SEQ ID NO: 8), and whether the oligonucleotides are 74 

20 bases long (HygE3T/74NT) or 24 bases long (HyglO; SEQ ID NO: 20). 
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Table 23 



Hydmxyuma increases the efficiency of oligonucleotide-mediated gene 



repair. 



[Hydroxyurea] 


browth 
Time 
(min) 


ODfiOfl 


Correction 
efFiciency 

HunP^T/7^KIT 
nygcai/f4rai 


correction 
efficiency 
HygE3T/74 


Correction 
efficiency 
HyglO 


0 


10 


0.57 


U.OD 


0.15 


0.57 


0 


20 




0. iO 


2.9 


4.8 


0 


40 




0.0 


3.4 


8.02 


0 


60 


0.73 


3.5 


2.32 


4.2 


0 


90 




16 


' 056 


16 


20 mM 


10 


0.51 


6.7 


3.1 


35 


20 mM 


20 




7.5 


4.9 


0.24 


20 mM 


40 




20.7 


9.5 


3.6 


20 mM 


60 


0.64 


10.1 


7.8 


24.6 


20 mM 


90 


0.75 


67.8 


22.4 


26.3 



[ 304] YeastcuIturesa,egrownfor4hoursinthepr.senceorintheabsenceof20mM 
5 HU. as indicated. The cells are then washed, .^suspended in fresh YPD medium and 

g«>wnfbr10. 20. 40. 60or90 minutes, to the OD««indicated.priorloelectropora«onw^ 

of oligonucieofideHygE3T/74NTorHygE3T/74.or1.62Mg Of HyglO. The ceils are the^ 
plated onto selechVe media containing hygromycin or aureobasidinA. The efficiency of 
gene correction is reported as «Con.ction efficiency." which represents the number of 
10 hygromycin resistant colonfes observed per W aureobasidinA resistant colonies. 

n^n« IXAMELE9 

USE OF HU AND TSA IN DUAL TARGETING EXPERIMENTS 

[0305] TheefficiencyoftargetedalterBtioncanbeincreasedandthecostdecrBasedby 
15 -"S^t'^asttwounreiatedoilgonudeotidessimuit^eouslylndu^targe^ 
in h,s approach. alterationbyafi^toligonudeofldeconfersaselectable phenol 
selected for. Alterations directed by a second oligonucleotide are then scened for tiom 
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within this selected population. See, e.g., commonly owned and copending United States 
patent application No. 60/416,983 "Methods And Compositions For Reducing Screening In 
Oligonucleotide-Directed Nucleic Acid Sequence Alteration," filed October 7, 2002, which is 
hereby incorporated by reference in its entirety. Because the population Identified by 
5 selective pressure is enriched for cells that bear an edited base at the non-selective site, the 
approach is useful as a method, termed gene editing, for rapidly and efficiently introducing a 
single nucleotide polymorphism of choice into virtually any gene at any desired location 
using modified single-stranded oligonucleotides. 

[03061 The dual targeting strategy is illustrated in FIG. 9A. The LSY678lntHyg(rep)p strain 

10 (Table 24) contains a 240 kb human ps-giobln YAC and a cassette containing a 

chromosomal hygromycin-reslstance gene Inactivated by a single base mutation and a 
functional aureobasidin-resistance gene. See Liu et al., Nucleic Acids Res. 31 :2742-2750 
(2002); Parekh-Olmedo et al., Chem. Biol. 9:1073-1084 (2002); and Liu et al., Mol. Cell Biol. 
22:3852-3863 (2002). FIG. 9B shows the oligonucleotide that Is used to direct editing of the 

15 chromosomal hygromycin mutant gene. Hyg3S/74NT (SEQ ID NO: 9) is a 74-mer that is 
specific for binding to the nontranscribed strand and contains three tenminal 
phosphorothioate linkages. Id. Also shown is the target sequence of the mutant, which 
contains a TAG stop codon. FIG. 9C illustrates the structure of the P-globin YAC and 
nucleotides targeted for editing are specified. The two nonselectable changes are directed 

20 by different oligonucleotides, pThall (SEQ ID NO: 27) and pThal2 (SEQ ID NO: 28), in 
separate experiments. The YAC contains approximately 230 kb of genomic DNA from 
human chromosome 11, indicated by the shaded region. The unshaded regions represent 
the yeast sequences that are on either end of the YAC (not drawn to scale). Yu et al., Proc. 
Natl. Acad. Sci. USA 97:5978-5983 (2000). A portion of the P-globin sequence is shown, 

25 beginning with the start codon. pThall directs a change from a G to an A while pThal2 
directs a change from a T to a C. The sequences of the oligonucleotides having nucleic 
acid sequence alteration activity are shown and are designed to bind to the non-transcribed 
strand, relative to human transcription of the p-globin locus. Both changes result in single- 
base substitutions that have been documented to result in p-thalassemia in humans. 

30 [0307] For editing experiments, YAC-contalning LSY678lntHyg(rep)P cells (Table 24) are 
grown in the presence of HU, electroporated with the selectable and nonselectable 
oligonucleotides, and allowed to recover In the presence of TSA (FIG, 9A). Because the 
human p-globin gene is likely to be transcriptionally inactive in yeast, HU and TSA are 
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especially important in increasing tanget accessibility. The results of duai taigeting 
experiments are presented in FIG. 10A. Hygmmycin-resistant colonies are observed when 

the oiigonucleofide.Hyg3S/74NTJs used. The rattoofhygrornycin-resfetantcolon^^ 
aureobasidin-resistant colonies is referred to as the con^ction efficiency (C E ) The 

5 P'-^^^^^ofHUandTSAIeadstoanincreaseintheC.E.ofthehygromydnmutafion.here 
about 4- to 6-fold. In this experiment, hygromycin-iesistant colonies are found at n^ughiy 1 
per 3000 aureobasidin-resistantcolonles. Hygromycin-resistanlcotoniesaie then analyzed 
for second-site edifing in the YAC p-gtobin gene. The pThall oligonucleotide is designed to 

d'^^^tt^'ereplacementofaGinTGGcodonieofexonlwithanA.gi.ngthestopcodon 
10 TGA(FIG.9C). FIG. 10B shows an ABI SNaPshot (middle panels) and direct DNA 
sequence (bottom panel) of a region of the p-globin gene in a corrected colony from this 
experiment; in both, the G to A change is evident Of those colonies that are corrected in 
the hygromycin mutation. 1 in 325 afeo contain the second change in the YAC p-globin 
sequence. Thus, appro^mately 10% of the cells «rfth the corrected hygromycin-resist^ 
15 gene also contain the edited p-globin gene. 

[P308J As shown in various experiments above, overexpression of RAD51 consistently 
.ncreases the frequency of chromosomal gene editing. Accordingly, we introduce an 
expression plasmid containing the yeast RAD51 gene into LSY678lntHyg(rep)p cells (Table 
24). FIG. 1 1 shows results of dual targeting in this strain and. as expected, expression of 

20 RAD51 rncreases the hygromycin C.E. of oligonucleotide Hyg3S/74NT (compare wrth FIG 
10). For these editing experiments, YAC-containing LSY678IntHyg(rep)p cells (Table 24) 
are grown in the presence of HU. electroporated with the selectable and nonselectable 
oligonucleotides, and allowed to recover in the presence of TSA (FIG. 9A). Her^ too 
addition of asecond oligonucleotide. pThal2. increases the correctfon efficiency further to 

25 roughly 1 hygromycin-resistant colony per 800 aureobasidin-i^sistant colonies. 

[03091 The pThaG oligonucleotide is designed to direct the replacement of a T in the 

initiatorATGcodonofexon1withaC.givingthenon.inltiatorcodonACG(FIG 9) FIG 
1 1B shows an ABI SNaPshot (middle panels) and direct DNA sequence (bottom panel) of 
the p-gtobin gene from a conected Hygr cotony; the T to C change is evident in both 
30 analytical paneb. Importantiy. of ttiose colonies ttiat are corrected in ti,e hygromycin 
mutation. 1 in 70 also contain the second single4«se change in the YAC p^lobin 
sequence. Thus, the dual targeting approach is again successful; approximately 10% of the 
cells beanngttiecorrected hygromycin alsocontaintheedited p-globin gene. In addition in 
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the presence of high levels of RadSI , gene editing occurs at a higher level, indicating that 
the presence of HU, TSA, and RAD51 overexpression exhibit synergistic effects on the 
overall process. 



5 Table 24 

Genotype of yeast strains 



strain 


Genotype/Description 


AB1380 


MATa um3trp1 ade2-1 canl-100 Iys2-1 his5 y/+ 


LSY678 


MATa ura3 trp1-1 ade2-1 Ieu2-3,112 can1 his3-11,15 


LSY678lnlHyg(rep) 


LSY678 with mutant hygromycln gene and functional 
aureobasidin-resistance gene integrated into the AUR- 
1 locus on chromosome XI 


LSY678lntHyg(fep)P 


LSY678lntHyg{rep) with 250 kb YAC 
containing the human p-globin locus 


LSY678lntHyg{rep)P + 
PYNARAD51 


The above strain containing an episomai expression 
plasmid overexpressing RAD51 



[0310] Strains. The genotypes of the yeast strains used in these studies are listed in 
10 Table 24. Details of the LSY678lntHyg(rep) strain are published in Liu et al., Mol Cell Biol. 
22:3852-3863 (2002). 

[0311] YAC Meaiipulations. The p-globin YAC is isolated from a preparative pulsed-field 
gel as described In Gnirke et a!., Genomics 15:659-667 (1993). Briefly, concentrated 
chromosomal DNA from the p S-YAC strain (AB1380 background, see Chang et al., Proc. 

IS Natl. Acad. Scl. USA 95:14886-14890 (1998)) is prepared and resolved on a 1% low-melt 
agarose pulsed-fleld gel at 200V, 14'C, 20-50s, 33 hours. The YAC is Isolated, equilibrated 
with a modified agarase buffer (10mM BIsTris-HCI pH6.5, ImM EDTA, lOOmM NaCI), 
treated with p-agarase I (New England Biolabs), and concentrated to a final volume of ~200 
pi. Thirty pi of the purified VAC are introduced into competent LSY678lntHyg(rep) cells by 

20 spheroplast transformation and selection on agar/sort)itol plates lacking tryptophan. 

Transformants are restreaked and confirmed by pulsed-field gel electrophoresis, PCR, and 
sequence analysis for a fragment of the human p-globin gene. 
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to Cft, -0M8. Cell. han,a2!T ^•"*'^*™nlb,o™edo«njllme 
t^OpHM^. 7^"';«"'™»"t«^.a™i,««a^edh 

<^*'.=-.^F,.oo.,p„i3e,j:i7:::::::^-7~ 

20 resuspendedin3mlYPnwithno , . '"ecei/s are immediately 

S PStq '"'""WiMlMlonies are DickisH 

CTArrGGTCTCCUMACCTM7SEQIDN0^! f 
«^-*™.saa„a„„ea*.U,t^^^:^"-<»«^«). The 
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(Qiagen) and eluted in a volume of 80 pi. One microliter of the purified PGR product is used 
as a template for the ABI SNaPshot reaction. The sequence of the SNaPshot primer used 
to screen for the pThaH conversion is: 5'- 

CCCCCCCCCCCCCCCCCAAGTCTGCCGnACT6CCCTGTG-3' (SEQ ID NO: 31). The 
5 sequence of the SNaPshot primer used to screen for the pThal2 conversion is: 5'- 

Ti 1 1 1 1 II II inrni 1 1 1 ii i ii 1 1 1 1 1 1 1 1 iccacaggagtcaggtgcacc-3' (seq id 

NO: 32). The SNaPshot reactions are performed using an ABI Prism SNaPshot Multiplex 
Kit, as specified by the manufacturer, and analyzed on an ABI 3100 Genetic Analyzer. 

[0316] Sequence Analysis. Any potential converted clones from the SNaPshot reactions 
10 are confimied by sequence analysis. Both strands of the PGR products are sequenced 
using primers PC02 and PC05 by Sanger dideoxy sequencing using an ABI Prism \(A, as 
specified by the manufacturer, on an automated ABI 3100 Genetic Analyzer. 

[0317] Although a number of embodiments and features have been described above, it 
will be understood by those skilled in the art that modification and variations of the 
15 described embodiments and features may be made without departing from either the spirit 
of the invention or the scope of the appended paragraphs. All publications and patents 
cited herein are incorporated by reference in their entireties. 
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WHATISCUIMEDIS: 

5. T*»'«ta<l<>fclata4,wh«e,„saMaiii,cuito«,e,MV<,. 

8. ™««Wofclalm7,wl«„sai<loe«isap™i«,ollc»«. 

9. ™=™W-c*.8.«h»el„«*lp„te,y*oellfeabacte«ca«. 
to. '^n^WofclaimS.wharei.saidbactenalcellfeanEcoicell. 
11. ™«'WI««i<>'claim7,wf,e»ln5ai<lc»llisaa<*a70llc«« 

»'»»»se,i«i^ms)di8,orCan«ssftfcaTO. 

15. ™«'«*«l»fd»m12,wl««i„sakla,,ka,,rtc«lli,apla„tcell. 

16. ™»'™Wofdato12,w|«,,,„^eul«,,*»,i,ah„ma„«». 



wo 03/075856 PCT/US03/07217 

110 



1 7. The method of claim 1 6, wherein said human cell is selected from the 
group consisting of liver cell, lung cell, colon cell, cervical cell, kidney cell, epithelial cell, cancer 
cell, stem cell, hematopoietic stem cell, hematopoietic committed progenitor cell, and 
embryonic stem cell. 

1 8. The method of claim 1 2, wherein said eukaryotic cell is a mammalian 

cell. 

1 9. The method of claim 1 8, wherein said mammal is selected from the 
group consisting of: mouse, hamster, rat, and monkey. 

20. The method of any one of claims 1-19, wherein said oligonucleotide 
is fully complementary in sequence to the sequence of a first strand of the nucleic acid target, 
but for one or more mismatches as between the sequences of said oligonucleotide and its 
complement on said target nucleic acid first strand, and wherein said oligonucleotide has at 
least one terminal modification. 

21 . The method of claim 20, wherein said at least one terminal 
modification is selected frem the group consisting of: at least one terminal locked nucleic acid 
(LNA), at least one tenninal 2-0-Me base analog, and at least one tenfninal phosphorothioate 
linkage. 

22. The method of claim 21 , wherein said oligonucleotide is a single- 
stranded oligonucleotide 17 - 121 nucleotides in length, has an intemally unduplexed domain of 
at least 8 contiguous deoxyribonucleotides, and wherein said one or more mismatches are 
positioned exclusively in said oligonucleotide DNA domain and at least 8 nucleotides from said 
oligonucleotide's 5' and 3' termini. 

23. The method of claim 21 , wherein said oligonucleotide has at least one 
terminal locked nucleic acid (LNA). 

24. The method of claim 1 , wherein said oligonucleotide is at least 25 
nucleotides in length. 

25. The method of claim 1 , wherein said oligonucleotide is no more than 
74 nucleotides in length. 

26. The method of claim 1 , wherein said oligonucleotide is no more than 
121 nucleotides in length. 

27. The method of claim 1 , wherein said target nucleic acid is DNA. 
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41 . The composition of claim 40, wlierein said bacteriai celi is an £ coli 

cell. 

42. The composition of claim 38, wherein said cell is a eukaryotic cell. 

43. The composition of claim 42, wherein said eukaryotic cell is a yeast 
cell, plant cell, human cell, or a mammalian ceil. 

44. The composition of claim 43, wherein said eukaryotic cell is a yeast 

ceil. 

45. The composition of claim 44, wherein said yeast is Saccharomyces 
cerevisiae, ustilago maydis, or Candida albicans. 

46. The composition of claim 43, wherein said eukaryotic cell is a plant 

cell. 

47. The composition of claim 43, wherein said eukaryotic cell is a human 

cell. 

48. The composition of claim 47, wherein said human cell is selected from 
the group consisting of liver cell, lung cell, colon cell, cervical cell, kidney cell, epithelial ceil, 
cancer cell, stem cell, hematopoietic stem cell, hematopoietic committed progenitor cell, and 
embryonic stem cell. 

49. The composition of claim 43, wherein said eukaryotic cell is a 

mammalian cell. 

50. The composition of claim 49, wherein said mammal is selected from 
the group consisting of: mouse, hamster, rat. and monkey. 

51 . The composition of any one of claims 34 - 50, wherein said 
oligonucleotide has at least one temiinal modification. 

52. The composition of claim 51 , wherein said at least one temiinai 
modification is selected from the group consisting of: at least one terminal locked nucleic acid 
(LNA), at least one terminal 2'-0-Me base analog, and at least one terminal phosphorothioate 
linkage. 

53. The composition of claim 52, wherein said oligonucleotide has at least 
one tenninal locked nucleic acid (LNA). 
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54. The composition of any one of claims 34 - 53, wherein said 
oligonucleotide is a single-stranded oligonucleotide 17 - 121 nucleotides in length, and has an 
internally unduplexed domain of at least 8 contiguous deoxyrit}onucleotides. 

55. The composition of any one of claims 34 - 54, wherein said 
oligonucleotide is at least 25 nucleotides in length. 

56. The composition of any one of claims 34 - 55, wherein said 
oligonucleotide is no more than 121 nucleotides in length. 

57. The composition of any one of claims 34 - 56, wherein said 
oligonucleotide is no more than 74 nucleotides in length. 

58. The composition of any one of claims 34 - 67, further comprising: 
trichostatin A, protein extract, or hydroxyurea. 

59. A kit, comprising: 
an oligonucleotide; and 

trichostatin A, lambda beta protein, or hydroxyurea. 

60. A kit, comprising: 
an oligonucleotide; and 

cellular repair proteins, said cellular proteins derived from a cell prior-contacted 
with an HDAC inhibitor or hydroxyurea. 

61. A kit, comprising: 
an oligonucleotide; 
cellular repair proteins; and 
lambda beta protein. 

62. A kit, comprising: 

at least one protein from the RAD52 epistasis group, the mismatch repair 
group, or the nucleotide excision repair group; and 

trichostatin A, lambda beta protein, or hydroxyurea. 

63. The kit according to claim 62, further comprising: 

an oligonucleotide having nucleic sequence alteration activity. 
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64. A kit, comprising: . 

a template-independent single-strand polymerase; 
LNA monomers having 5'-triphosphates; and 
trichostatin A, lambda beta protein, or hydroxyurea. 

65. The Idt according to claim 64, wherein said polymerase is calf thymus 
terminal deoxynucleotidyl transferase. 

66. A kit, comprising: 

a water soluble carbodiimide composition; 

an imidazole composition; 

LNA monomers having a nucleophilic group; and 

Trichostatin A, lambda beta protein, or hydroxyurea. 
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HYGRQHYCIN SEQUENCE 

vt 5'...GATGTAGGAG6GCGTG6&TA£BTCCTGCGGGTftAATAGCTGC.M3' 

mutant 5'...GATGTAGGAGGGCGTG6ATAg3TCCTGCGGGTAAATAGCTGC...3' 

converted 5 1..GATGTAGGAGGGCGTGGATA£GTCCTGCGGGTAAATAGCTGC...3' 

Hyg3S/74NT 5 'G*T*A*GAAACCATCGGCGCAGCTATTTACCCGCAGGACGT 
MCCACGCCCTCCTACATC6AAGCTGAAAGCAC*G*A*G 3' 
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SEQUENCE LISTING 

<110> University of Delaware 
Kmiec, Eric B. 
Parekh-olmedo, Hetal 
Brachman, Erin E. 

compositions coniDrisina a H^^nn-^SI^ sequence alteration using 

beta protein, o?I'^hJdrS^y5r5a deacetylase inhibitor, lambdl phage 

<13ft> NaPro-lBPCT 

<150> us 60/363,341 
<151> 2002-03-07 

<150> US 60/363,053 
<151> 2002-03-07 

<150> US 60/363,054 
<151> 2002-03-07 

<150> US 60/416,983 
<151> 2002-10-07 

<160> 32 

<170> Patentln version 3.1 

<210> 1 

<211> 70 

<212> DNA 

<213> Artificial 

<220> 

<223> combined dna/rna oligonucleotide 
<220> 

<221> stem_loop 

<1I^ C1)..CS4? 

<220> 

<221> stem_loop 

<222> (5 5).. (70) 
<223> 

<400> 1 

gcuauucggc uaggacuggg cacaauuuut tgtgcccagt cgtagccgaa tagcctctcc 60 
uuuuggagag 

70 

<210> 2 
<211> 13 
<212> DNA 

<213> Escherichia coli 

<400> 2 
gtggatatgt cct 

13 

<210> 3 
<211> 13 
<212> DNA 

<213> Escherichia coli 
<400> 3 

Page 1 
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gtggatacgt cct- 13 

<210> 4 

<211> 13 

<212> DNA 

<213> Escherichia coli 

<400> 4 

gtggataggt cot 13 

<210> 5 

<211> 14 

<212> DNA 

<213> Escherichia coli 

<400> 5 

gtggataatg tcct 14 

<210> 6 

<211> 12 

<212> DNA 

<213> Escherichia coli 

<400> 6 

gtggatagtc ct 12 

<210> 7 

<211> 25 

<212> DNA 

<213> Artificial 

<220> . 

<223> Oligonucleotide with phosphorothioate linkages 

<220> 

<221> misc_feature 

<222> (1) . . (3) 
<223> 

<220> 

<221> raisCw-feature 

<222> C22) . . (24) 
<223> 

<400> 7 

agggcgtgga tacgtcctgc gggta 25 

<210> 8 

<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> Oligonucleotide with phosphorothioate linkages 
<220> 

<221> tnisc_feature 

<222> (1)..(3) 
<223> 

<220> 

<221> mi sc_f eatu re 

<222> (71) . . (73) 
<223> 

Page 2 
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<400> 8 

~ ~" "~ ~ "~ » 

74 

<210> 9 
<211> 74 
<212> DMA 
<213> Artificial 

<220> 

<223> Oligonucleotide with phosphorothioate linkages 
<220> 

^221> misc_feature 

<222> (1)..C3) 

<220> 

<222> (71)..C73) 
<400> 9 

:~ ~ ~ — - 

74 

<210> 10 . 
<211> 70 
<212> DMA 
<213> Artificial 

<220> 

<223> combined dna/rna oligonucleotide 

<220> 

steiTuloop 

<220> 

''221> stenuloop 
<223> ^")..(78) 

<400> 10 

:::::::::: — - — - -c«aca 

70 

<210> 11 
<211> 69 
<212> DNA 
<213> Artificial 

<22Q> 

<223> Oligonucleotide with phosphorothioate linkages 
<220> 

•«isc_feature 
<|||> (1)..C3) 

<220> 

Page 3 



wo 03/075856 



PCT/US03/07217 



<221> misc_feature 
<222> (67) . . (69) 
<223> 



<400> 11 



catcagagca gccaattgtc tgttgtgccc agtcgtagcc gaatagcctc tccacccaag 



60 



cggccggag 



69 



<210> 12 
<211> 15 
<212> DNA 

<213> Escherichia coli 
<400> 12 

ttcggctagg actgg 15 



<210> 13 

<211> 15 

<212> DNA 

<213> Escherichia coli 



<210> 14 
<211> 15 
<212> DNA 

<213> Escherichia coli 
<400> 14 

ttcggctacg actgg 15 



<210> 15 

<211> 15 

<212> DNA 

<213> Escherichia coli 



<210> 16 

<211> 19 

<212> PRT 

<213> Artificial 

<220> 

<223> Ligand-binding peptide 
<400> 16 

Arg Val Asp Ala Ala Ala Arg Glu Ala Cys cys Arg Glu Cys cys Ala 
15 10 15 



Thr Ala lie 



<210> 17 

<211> 74 

<212> DNA 

<213> Artificial 



<400> 13 
ccagtcctag ccgaa 



15 



<400> 15 
ccagtcgtag ccgaa 



15 
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<220> 

<223> Oligonucleotide with phosphorothioate linkages 

<220> 

<223> 
<220> 

<400> 17 

ctcgtgcttt cgcttcgat gt,„a,ggc gtgggUcg, cctgcgggta aatagcwcc .„ 
ccgatggttt ctac aatagctgcg 60 

74 

<210> 18 
<211> 74 
<212> DMA 
<213> Artificial 

<220> 

<223> Oligonucleotide with phosphorothioate linkages 
<220> 

<222> Sf^gf 

<223> ^^^■'^'^J 

<220> 

'^221> niisc_feature 
<222> (71)..C73) ^ 

<400> 18 

:::::::: r ~ ~ ~ -™ » 

74 

<210> 19 
<2H> 74 
<212> DNA 
<213> Artificial 

<220> 

<223> Oligonucleotide with phosphorothioate linkages 
<220> 

<221> iirfsc_feature 

<222> (71)..C73) 

<400> 19 

ctcgtgcttt cagcttcgat gtaggagggc gtggatacgt cctgcgggta aataactaco «n 
ccgacggttt ctac y^yyyta aatagctgcg 60 

74 

<210> 20 
<211> 24 
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<223> Oligonucleotide with locked nucleic acids 



<400> 20 

acccgcagga cgtatccacg ccct 



24 



<210> 
<211> 
<212> 
<213> 

<220> 
<223> 

<220> 
<221> 
<222> 
<223> 

<220> 
<221> 
<222> 
<223> 



21 
70 
DNA 

Artificial 



Oligonucleotide with phosphorothioate linkages 



misc_feature 
(1)..C3) 



misc_feature 
(67).. (69) 



<400> 21 

aggtgctaca cttttcaaga ctagatgtct acaatgccac accgtggaaa agggtggccc 
acataaggtt 



60 
70 



<210> 
<211> 
<212> 
<213> 

<220> 
<223> 

<220> 
<221> 
<222> 
<223> 

<220> 
<221> 
<222> 
<223> 



22 
70 
DNA 

Artificial 



oligonucleotide with phosphorothioate linkages 



mi sc_f eature 
(1)..(3) 



mi sc_f eature 
(67).. (69) 



<400> 22 

aaccttatgt gggccaccct tttccacggt gtggcattgt agacatctag tcttgaaaag 
tgtagcacct 



60 
70 



<210> 23 
<211> 42 
<212> DNA 

<213> Escherichia coli 
<400> 23 

gatgtaggag ggcgtggata tgtcctgcgg gtaaatagct gc 



42 



<210> 24 
<211> 42 
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42 



42 



<400> 24 

gatgtaggag ggcgtggata ggtcctgcgg gtaaatagct gc 

<210> 25 
<211> 42 
<212> DNA 

<213> Escherichia coli 
<400> 25 

gatgtaggag ggcgtggata cgtcctgcgg gtaaatagtt gc 

<210> 26 

<211> 54 

<212> DNA 

<213> Homo sapiens 

<400> 26 

atggtgcacc tgactcctgt ggagaagtct gccgttactg ccctgtgggg caag 54 

<210> 27 

<211> 71 

<212> DNA 

<213> Artificial 

<220> 

<223> Oligonucleotide with phosphorothioate linkages 
<220> 

^11^ misc^feature 

<||2J C«..(3) 

<220> 

^221> misc_feature 

<222> (68).. (70) 
<223> 

<400> 27 

gcctcaccac caacttcatc cacgttcacc ttgcctcaca gggcagtaac ggcagacttc 60 
tccacaggag t 

71 

<210> 28 
<211> 71 
<212> DNA 
<213> Artificial 

<220> 

<223> Oligonucleotide with phosphorothioate linkages 
<220> 

<221> miscfeature 

<||g C«..(3) 

<220> 

^ilV" »m'sc_feature 

<222> C68)..(70) 
<223> 

<400> 28 

taacggcaga cttctccaca ggagtcaggt gcaccgtggt gtctgtttga ggttgctagt 60 
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gaacacagtt g 71 

<210> 29 

<211> 28 

<212> DNA 

<213> Homo sapiens 

<400> 29 • ^ 

agtctgccgt tactgccctg tggggcaa 28 

<210> 30 

<211> 28 

<212> DNA 

<213> Homo sapiens 

<400> 30 ' 

agtctgccgt tactgccctg tgaggcaa 28 

<210> 31 

<211> 33 

<212> DNA 

<213> Homo sapiens 

<400> 31 

atggtgcacc tgactcctgt ggagaagtct gcc 33 

<210> 32 

<211> 33 

<212> DNA 

<213> Homo sapiens 

<400> 32 

acggtgcacc tgactcctgt ggagaagtct gcc 33 
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